HELSTF

High Energy Laser Systems
Test Facility

us 'Army" (forps k
of Engineers

.......................

S:-.

---------------------------------

''''''''

Fort ‘Worth District

ENERGY STUDY (EEAP)
o Hiad
HELSTF

WHITE SANDS MISSILE RANGE, NEW ME_chof__,

FINAL RZ?ORT
VOﬁ’UM:E I

vl ¢c01.L66!

CONDUCTED BY

ZDUA?S

oI ixh 512 MAIN STREET SUITE 1500
’CH“EL_V‘ ELUDTT 2 FORT WORTH TEXAS 7610_2__
on o 12742 sad : (817) 335 - 3000 :

O
oS : 8/ 23/ %

ALY

Dm@umu T

o Y




NEPARTMENT OF THE ARMY
CONSTRUCTION ENGINEERING RESEARCH LABORATORIES, CORPS O ENGINEiRS
P.0O. BOX %003
- CHAMPAIGN, ILLINOIS 61826-5005

’ REPLY-30
ATTENTION OF: TR-I Library

17 Sep 1997

Based on SOW, these Energy Studies are unclassified/unlimited.
Distribution A. Approved for public release.

Marie Wake
Librarian’/Engineering



HELSTF
High Energy Laser Systems
Test Facility

TABLE OF CONTENTS
VOLUME I

ABBREVIATIONS ..ottt et et ettt et iii
I. EXECUTIVE SUMMARY ..ottt e e ettt et 1
AL Introduction . . ..ottt e 1

B. Buildings Studied . ......... .. 1

C. Present Energy Consumption . .............uiiuniitiiiiiirnenniernnaennneanns 2

Base Year Energy Consumption ...........coiiuniiiniiiiinerinennneennnennn. 2

Building Energy Consumption ...............iiiuiiiiiriiinieiiiieaaanains 2

D. Energy Conservation Opportunity (ECO) Analysis ..., 2
ECOsRejected .. ..ot i e i e 2
ECOsRecommended . ..........ciiiniiiiniiiiiiiin it iiaiiaanaenn, 3
ECOsNotRecommended ......... ... ittt 3

E. Recommended Maintenance & Operations Practices .......... ... ... ... ...t 5

F. Energy and Cost Savings . . .. .. ootun ittt ittt 6

Total Potential Energy and Cost Savings. ............ .o i, 6

Energy Use and Costs Beforeand After ........... ... ... it 6

Percentage Saved .......... ... ... il R 6

TABLE 1. Recommended ECOS . ... .. it i i i it eea e 8
TABLE 2. HELSTF ECO Priority List ... ... i i i i iea e 9
LSTC Building Photo . . . ..ottt i i i i 10
TC-1and TC-2 Buildings Photo . ... o i i 11
II. NARRATIVE REPORT . . ..ottt i i it ettt ei i enns 12
A, Entry Interview .. ... e 12

Work Plan ... .. i e 12

Data LSt . oottt e e e 12

SO0 2 17 T S G 12

B. DataCollection ........ ..ottt it ittt 13
BuildingData .. ....ovinii i i e e 13

HVAC Systems Data . ... et 13

Lighting Data .. .. ..ot i i i it et e 16

Maintenance and OperationsData . . .............. it 17

Utiity Data. .. ..o i i i e 18

Replacement Boiler Selection ........... . ... .o i i 20

Replacement Chiller Selection. .......... ... ... i 20

C. Plan To Implement Projects .......... ...ttt 21
Funding . ......iinii i e e e 21

Programming .. .......ouuiii i e 21

L0703 4113 ¢ L1 (o3 ¢ P 21

Project Funding Forms .. ...t e 22

DVIG QULETEY Lisraiyey ¢

j
~ =



APPENDICES

SOwy»

amm

HELSTF
High Energy Laser Systems
Test Facility

Energy Cost Analysis. ... ....ouuuiiiiiii ittt Tab 1
Recommended ECO Calculations ............ ... oo, Tab 2
Non-Recommended ECO Calculations . .......... ... ..o i, Tab 3
Scope of Work & Review Comments ............. ... . oo, Tab 4
VOLUME II
Sample Products . ..... ... e Tab 5
Building & EquipmentDataForms ......... ... . ... ... Tab 6
Computer Modeling of Building Systems ............ .. ... . ..., Tab 7
ii



HELSTF
High Energy Laser Systems
Test Facility

ABBREVIATIONS

A Amperes
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ASHRAE American Society of Heating, Refrigeration & Air Conditioning Engineers
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CND Condenser Water
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fc Footcandles
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GPM Gallons per Minute

HELSTF High Energy Laser Systems Test Facility
HP Horsepower

HRS, hrs Hours

HTG Heating

HVAC Heating, Ventilating & Air Conditioning
HW Heating Water

HX Heat Exchanger

HZ Huitt-Zollars, Inc.

TIAQ Indoor Air Quality

KVA Kilovolt Amperes

Kw Kilowatt
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LCCID Life Cycle Cost in Design

LED Light Emitting Diode

LSTC Laser Systems Test Center

MA Mixed Air

MBH 1,000 BTUs per Hour

MBTU 1,000,000 BTUs (on life cycle cost analysis summary sheets only)
MMBTU 1,000,000 BTUs

MCF 1,000 Cubic Feet (gas)

M&O Maintenance & Operations

MWH Megawatt Hours
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I. EXECUTIVE SUMMARY

A. Introduction

This energy conservation study was performed by Huitt-Zollars Inc., for the U.S. Army Engineer
District (USAED), Fort Worth, under contract number DECAC 63-94-D-0015. The study was
conducted at HELSTF on the White Sands Missile Range in New Mexico, between September 21,
1995 and April 28, 1996. The site survey, data collection and technical analysis were performed by
John Carter, E.IT, Denney Howard, P.E. and C.A. Pieper, P.E..

The purpose of the study was to perform a limited site survey of specific buildings at the facility,
identify specific Energy Conservation Opportunities (ECOs) that exist, and then evaluate these ECOs
for technical and economic feasibility. These ECOs were open to all methods of energy conservation
which were reasonable and practical.

This survey was conducted with the assistance of many individuals at both HELSTF and White
Sands Missile Range facilities. Special thanks are extended to all of them, including the following
individuals:

Julian Delgado, Energy Manager, White Sands Missile Range

Bob Anderson, Facility Engineer, HELSTF

Larry Brooks, Facility Engineer, HELSTF

Frank Tapia, Mechanical Maintenance Technician, Aerotherm, Inc.

Any questions concerning this report should be directed to the Project Manager, Denney Howard,
at Huitt-Zollars Inc., 512 Main Street, Suite 1500, Fort Worth, Texas 76102. Phone 817-335-3000.

B. Buildings Studied

This study was performed on three separate buildings and HELSTF. Photos of the three buildings
are provided on pages 10 and 11. The buildings are briefly described as follows:

LSTC Building: This four story, mostly underground, domed structure serves as the laser
systems test control center. The building is generally occupied Monday
through Friday, between 7:00 a.m. and 5:00 p.m.

Test Cell # 1 (TC-1)  This four story, metal building serves as the laser system testing facility.
The building is lightly occupied, unless in a testing mode, by scientists and
technicians Monday through Friday, between 7:00 a.m. and 5:00 p.m.

Test Cell # 2 (TC-2)  This two story building serves as the central thermal energy plant for the
test cell area (including TC-1). The building houses the central chiller and
boiler systems, compressed air systems and distilled water systems for the
test cell area.
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Base Year Energy Consumption: The total metered electrical and gas consumptions for 12
consecutive months, prior to the study, were obtained from the facility and are referred to as the
‘base year.” This ‘base year’ data represents the consumption for the entire base as well as the
buildings in this study. Refer to Figure 1 for a summary of the energy usage shown on Page 18
representing the monthly break-down for electricity, propane, and natural gas.

Figure 1. Base Year Energy Usage By Source

Energy Annual Usage Cost
Source $
Electricity 13,281 MWH | 45,328 MMBTU 1,068,842
Diesel 124,967 gallons | 17,332 MMBTU 121,218
_ Propane 51,115 gallons | 5,352 MMBTU 35,475
Total 68,012 MMBTU 1,225,535

Building Energy Consumption: The annual energy consumption for the lighting and mechanical
systems (other than testing equipment) in the buildings studied was calculatedin Appendix G, using
the Trace 600 computer program to model the lighting and HVAC systems. As one can see from
Figure 2, This consumption amounted to a total of 34% of the base year energy usage and 46 % of
the energy costs. These systems energy consumptions are given as follows:

Figure 2. Annual Lighting and Mechanical Systems Energy Consumption

Building | Lighting & Mech. | Lighting & Mech. Mechanical Mechanical
Systems Systems System System
Electricity Electricity Diesel Diesel
KWH/YR $/YR Gallons/YR $/YR
LSTC 4,024,068 342,851 0 0
TC-1&2 2,089,045 177,987 13,553 13,146
Subtotals 6,113,113 520,838 13,553 13,146
Annual Lighting & Mechanical Systems Energy 22,735 MMBTU/YR
Annual Lighting & Mechanical Systems Cost 533,984 $/YR

D. Energy Conservation Opportunity (ECO) Analysis

ECOs Rejected: After reviewing the data collected at the facilty and considering all of the practical
limitations involved, there were some suggested ECOs which were rejected prior to performing
calculations. These ECOs are described below, with their reasons for rejection.

1. Improve Power Factor: An analysis of the electrical utility billing rate was made and is
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have a power factor penalty clause. Therefore, the facility is not paying extra for a low
power factor which may or may not exist at this time. However, the installation of high
efficiency motors which also improve the power factor has been recommended. See
Appendix B (Tab 2) for recommended ECOs.

2. Decentralize Domestic Hot Water Heaters: The LSTC building has only one water heater
which is used for hand washing only. This is a small commercial electric unit bcated in the
basement. Since the hot water demand for this building is very small, the benefits of a point-
of-use system retrofit would be small also. In TC-1, there is no water heater or DHW usage
at this time. In TC-2, there is a small residential dectric point of use unit located above the
restrooms, used for hand washing only.

3. Instantaneous Hot Water Heaters: As described above, the DHW usage in the buildings
studied is very low, and the existing storage type water heaters are relatively small.
Therefore, the system losses from the storage tanks and piping systems are minimal, making
the benefits of instantaneous water heater installation small.

4, Replace Or Reactivate Abandoned Boiler in LSTC Building: The heating requirements of
the LSTC building are currently being served by the heat recovery systems on the building
chillers. While apparent temperature control problems inside the building make this heaing
system seem inadequate at times, the actual peak heating load on the building is small.
However, the installation of a new, smaller boiler to provide heating is included in another
ECO recommending replacement of the existing chillers. See Appendix B (Tab 2) for
recommended ECOs.

ECOs Recommended: Certain ECOs which were identified during the building survey have been
evaluated for technical and economic feasibility and are recommended for implementation.
Complete documentation of all calculations as well as information required for implementation is
included in Appendix B (Tab 2). These recommended ECOs are summarized in order of descending
Savings to Investment Ratio (SIR) in Table 1 on page 8. After reviewing these ECOs with HELSTF
personnel and the maintenance contractor for the facility, they have recommended a list of the ECGs
summarized in the priority in which they need them. This priority list is shown in Table-2 on Page
9.

ECOs Not Recommended: There were no ECOs for which calculations were performed that were
rejected or found to be uneconomical. Therefore, there are no non-recommended ECOs in this study.

Projects Developed: ~ The energy manager decided to combine the recommended ECOs together
for implementation and create three (3) projects. The following projects that resulted from this
process will be submitted for funding as ECIP projects. The projects are summarized below in
descending order of Savings to Investment Ration (SIR).
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Project 2.

Project 3.
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Lighting Fixture Retrofit, Lighting Control Retrofit, Constant Volume AHU to VAV
AHU Retrofit, High Efficiency Motor Retrofit.

Buildings: LSTC, TC-1 and TC-2
Electrical Energy Savings:

Diesel Energy Savings:

Total Energy Savings:

Total Cost Savings:

Total Investment:

Simple Payback:

SIR

Energy Management System Installation

Buildings: LSTC, TC-1 and TC-2
Electrical Energy Savings:

Diesel Energy Savings:

Total Energy Savings:

Total Cost Savings:

Total Investment:

Simple Payback:

SIR

Boiler/Chiller Retrofit

Buildings: LSTC and TC-2
Electrical Energy Savings:
Diesel Energy Savings:

LPG Energy Savings

Total Energy Savings:

Total Cost Savings:

Total Investment:

Simple Payback:

SIR

5,098
-56
5,042
126,855
439,204
3.46
4.18

4,419
542
4,961
114,087
443,021
3.88
3.72

3,297
296
-906
2,687
78,509
694,623
8.85
1.62

MMBTU/yr.
MMBTU/yr.
MMBTU/yr.
$/yr.

$

yrs.

MMBTU/yr.
MMBTU/yr.
MMBTU/yr.
$/yr.

$

yIS.

MMBTU/yr.
MMBTU/yr.
MMBTU/yr.
MMBTU/yr.
$/yr.

$

yrS.
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E. Recommended Maintenance & Operations Practices

The following maintenance and operations (M&O) practices are recommended to help conserve
energy at HELSTF:

1.

10.

11.

Turn off all building interior lighting at night, except forthat required by nighttime security
staff.

Turn off all computers and electronics equipment whilenot in use, especially at night and
on weekends.

Set back space temperature and humidity levels at night and on weekends, or when not
required by actual test equipment operation. '

Request that the lighting maintenance contractor use only energy saving replacement
ballasts.

Replace lamps on a group basis, at around 80% of rated lamp life, rather than on a spot
relamping basis. Create and maintain a relamping log book.

Clean light fixtures, lenses and interior reflective surfaces during relamping to maintain light
levels.

Create and maintain daily log books for chillersand boilers, documenting daily operational
patterns such as supply and return water temperatures, compressor amperages, flow rates,
hours of operation, etc. Review logs periodically to monitor equipment operatiorel patterns
and ensure operating efficiency.

Turn off TC-2 air compressor systems whenever possible, especially at night and on
weekends.

Turn off humidification systems wherever possible. Reevaluate minimum humidity
requirements and verify current requirements of these expensive systems with the electronics
systems manufacturers.

Consult all electronics systems manufacturers to verify current space temperature and
humidity requirements. Set back room temperatures at night, weekends, or unoccupied
periods wherever possible. :

Have boiler combustion systems tuned up, clean water side of boilers and measure boiler
efficiency, all on an annual basis.
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Total Potential Energy and Cost Savings: The energy and cost savings from the implementation of
all projects was calculated as follows:

F. Energy and Cost Savings

Electrical Energy Savings 12,814 MMBTU/yr
| Diesel Energy Savings 782 MMBTU/yr
| Propane Energy Savings -906 MMBTU/yr
1 Total Energy Savings 12,690 MMBTU/yr
| Total Cost Savings 319,546 $/yr
‘ Total Investment 1,576,848 $

Simple Payback 4.9 yrs

Energy Use and Costs Before and After: Based on the cost and consumption for the base year
energy usage as summarized on Page 2, the estimated annual usage for the systems after
implementation is as follows:

Figure 3. Estimated Savings From ECOs
‘ Energy Annual Usage
Source Before After

Electricity | 13,281 MWH 9,526 MWH
Diesel 124,967 gallons | 119,329 gallons

Propane 51,115 gallons 59,767 gallons
Total Cost | 1,225,535 $/YR} 905,989 $/YR

Percentage Saved. Based on the base year electrical and gas energy consumptions and costs, the
percentage of savings from all of the projects is estimated as follows:

Electrical Energy Saved = 13,281 - 9,526 MWH | _ 28%
13,281 MWH
Diesel Energy Savings = 124,967 - 119,329 gallons| _ 4.5%
124,967 gallons

51,115 - 59,767 gallons
51,115 gallons

} = -16.9%

‘ Propane Energy Savings =
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1,225,535 - 905,989 §

Energy Cost Savings =
& & 1,225,535 §

=26.1%

The only energy source where there would not be a savings is in propane fuel. Because propane is
currently not being used by any of the systems we studied, the implementation of the project utilizing a
propane boiler will thus increase the propane fuel usage. However, this additional propane fuel increase
is more than off-set by the reduction in the electrical energy from the equipment that is currently serving
one of the buildings. As a result, the estimated energy cost savings from all of the projects is 26%.
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II. NARRATIVE REPORT

8/23/96
A. Entry Interview

Work Plan: An entry interview meeting was
conducted at HELSTF on October 10, 1995.
Present at the meeting were representatives of
Huitt Zollars Inc. (HZ), C.A. Pieper, P.E., Project
Manager, and Denney Howard, P.E., Electrical
Engineer, as well as representatives from
HELSTF, Bob Anderson, Facility Engineer and
others. At that time, a description of the work
plan for this study was presented. The work plan
was a summary of the individual tasks to be per-
formed to complete the energy study and the
approximate date that each task was to begin.
Each step of the work plan was described in
detail to HELSTF personnel and
adjusted to the plan as shown in
Figure 4.

Figure 4. Work Plan
A
-10/9/95 Entry Interview
10/%/95 Buiilding & Systems Data Collectlon
10/16/95. Formulate ECOs & Perform Calculatxons
| 1716/96 Interim Fmdmgs Submlttal STy
5/6/96 Pre-FmaI Report Submlttal
7/1/96 ,Fmat Report Submittal

Figure 5. Data Acquisition List

Data List: After discussing the
work plan, HELSTF was pre-
sented with a list of data items to
be collected by the study team,
shown in Figure 5. This list was
a summary of the information re-
quired by the surveyors. The
study team and HELSTF
personnel discussed the methods
by which all of the data on the
list were to be obtained.
HELSTF personnel provided
direction as to where to obtain
information on the list. They
also provided useful information
on past energy conservation ef-

e _Ex1$tmg hghtmg systems and control

; 2. Building HVAC system types and operatlonal schedules (Amp m

1
2
3
P4 Emstmg bu1ldmg operationals schedul
.
6

6. Ut111ty company rebate programs

¢ ',9 Buxldmg envrronmental comrol ]
10 HVAC control systems and capab1 i

: 11 Mrscellaneous burldmg equlpment and ope

’ :&’:13 Dom : t1c hot water requlrements ang systems

3. Burldmg srze age anid remaining usefuI life.

F acrhty electncrty, gas, other utlhty and 12 monthbilling histories:

Past and proposed energy conservatlon prOJccts

‘Typlcal maintenance and retroﬁt procedures and costs

descnptlons

4. Buﬂdmg mtemal coolmg loads

forts, as well as any ongoing or
future planned energy conserva-
tion measures. The data con-
cerning the existing building, lighting and HVAC systems were to be collected from the walk-
through and recorded onto preprinted data forms. Building mechanical and electrical drawings were
to be collected, information extracted and included on individual building data forms. All data forms
are included in Appendix F (Volume II, Tab 6).

ECO List: Following the discussion on the data list, HELSTF personnel were presented with a list

of suggested Energy Conservation Opportunities (ECOs) that were identified for evaluation in the
Detailed Scope of Work. This list is shown on page D-13 (Tab 4). It was explained to HELSTF

12
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personnel that all of these suggested ECOs were to be evaluated, as well as any others that they might
suggest, or any identified by the HZ staff during the site visit. After discussing the potential ECOs
which might exist at the facility, the meeting was adjourned and the HZ staff began the collection
of data.

B. Data Collection.

Following the entry interview, the study team began the task of collecting the required data. First,
building mechanical and electrical drawings were studied and data wasextracted. Then field surveys
were made on all of the buildings in the study to verify and supplement data collected from the
drawings. All of the data obtained from drawings and field surveys were put onto data sheets and
included in Appendix F (Volume II, Tab 6). The following summarizes thedata collection phase of
this study.

Building Data: This study was performed on three buildings, the Laser Systems Test Center (LSTC),
Test Cell 1 (TC-1) and Test Cell 2 (TC-2). Building description data sheets and basic floor plans are
included in Appendix F (Volume II, Tab 6). The three buildings are generally described as follows:

1. LSTC - This four story, mostly underground, building was constructed in 1963, but was
remodeled in 1982 for its current use as a laser systems test control center. The upper two
floors are all that is above ground, and are covered in three domed structures. The building
has a gross floor area of 89,400 sqft and houses all of HELSTF administrative and contractor
offices, as well test monitoring and control centers. The building is generally occupied
Monday through Friday, between 7:00 a.m. and 5:00 p.m.

2. TC-1 - This four story building was constructed in 1982 for use as a laser system testing
facility. The building has a gross floor area of 19,329 sqft and houses experimental laser
systems and electronic data gathering equipment. The building is lightly occupied by
scientists and technicians Monday through Friday, between 7:00 a.m. and 5:00 p.m.
However, when testing is conducted periodically (on the average of once or twice a month),
the building is more heavily occupied.

3. TC-2 - This two story building was constructed in 1982 to serve as a central thermal energy
plant for the test cell area. The building has a gross floor area of 5,133 sqft and houses the
central chiller and boiler systems, compressed air systems and distilled water systems for tte
test cell area. The building is generallyunoccupied most of the time, except for equipment
operation or maintenance.

HVAC Systems Data: Equipment data sheets, containing detailed information of the quantities and
types of mechanical equipment in the three buildings, are cantained in Appendix F (Volume II, Tab
6). General descriptions of the mechanical systems are as follows:

1. LSTC - The primary cooling system consists of a pair of 175 ton, centrifugal, water cooled
chillers which are 13 years old and use R-11 refrigerant. These chillers are piped in series
and have heat reclaim water heaters installed on the condenser barrels. These machines are
located in the building’s basement and generally produce 42°F to 45°F chilled water (CHW)
for the numerous air handler cooling coils. A two cell packaged cooling tower serves the
chillers. The cooling tower has very recently been retrofitted, and is in excellent condition.
The chillers, on the other hand, are maintenance intensive and have caused problems with

13
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facility operations when both chillers are off-line for maintenance purposes. Moreover, both
of these chillers require R-11 refrigerant which is no longer produced as of January 1, 1996.
Even though the refrigerant will be available for service in the near future, the price of the
refrigerant will continue to increase as the refrigerant becomesmore scarce. Therefore, these
two chillers need to be replaced, and according to the HELSTF and maintenance cortractor,
need to be replaced as soon as possible. However, after implementing the ECOs preceding
the chiller retrofit, it was determined that the second chiller would operate only a small
percentage of the year. Therefore, it would be uneconomical to modify or replace more than
one chiller under the limitations and scope of this study. Therefore, the owner needs to
address and consider replacing both chillers using all other means possible.

The primary heating system consists of the two heat reclaim water heaters installed on the
chillers as mentioned previously. These water heaters produce approximately 95°F heating
water for circulation through the building’s numerous duct-mounted heating coils. The
building was originally equipped with a large scotch marine type steam boiler for heating.
But this boiler has not been operated since the heat reclaim systems were installed. Because
the building is mostly underground, the heating load is generally small. Mostof the heating
requirements are for reheating of supply air for space temperature control.

Two CHW pumps and one HW pump are located within the basement near the water
chillers. These primary pumps distribute thermal energy to the coils through a four-pipe
distribution loop. Two vertical turbine condenser water pumps are located outside next to
the cooling tower and circulate condenser water (CND) between the chillers and the tower.
The distribution piping systems were reported to be in generally good condition. The
domestic hot water (DHW) for the building is generated by a single, electric water heater in
the basement. The only use for DHW in the building is in the restrooms.

Secondary HVAC systems in the building consist of multiple single zone and multizone air
handling units (AHUs) in the basement. These units were installed in the original 1963
construction and were refitted and recommissioned during the 1982 building remodel. The

various test control centers and computer rooms all had supplemental cooling provided by
Liebert-type computer room units, supplying cooling air through the 12" raised floor in thos

areas. These units were installed in the 1982 remodel. Overall HVAC system performance

in the building is average, but temperature control and air side capacity appear to bea

problem. The problem with temperature control is partially due to the small number of
thermostats controlling large areas of the building. Measurements taken during the sit visit

showed a building temperature variation of 67°F in some areas up to 74°F in other areas.

The 1982 HVAC systems design was supposed to maintain a 70°F ambient temperature,
with a plus or minus 2°F tolerance, and 45% relative humidity (RH), with a plus or minus
5% tolerance. This was to be accomplished with constant volume reheat systems. The
original HVAC systems design conditions, combined with the building’s air system
configurations, make the HVAC energy consumption excessive. Moreover, current
electronics systems typically require less stringent envronmental control than was required

13 years ago. Therefore, there may no longer be a need for the original HVAC system

design tolerances which contribute to excessive energy consumption. The lack of capacity
on the air side systems is beyond the limitations and scope of this study. However, a more

detailed analysis of the air side systems should be recommended to determine the areas
affected and the magnitude of the effect.
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Pump and fan motors used in the building are generally standard efficiency motors. The
replacement of these motors with premium efficiency motors could help save electrical
energy.

TC-1 - The building itself has no primary heating and cooling systems, and is served by the
central thermal energy plant in building TC-2. There is also no DHW system or usage in ths
building.

The secondary HVAC system in this building consists of multiple, four-pipe, single zone
air handlers, located within the mechanical room and on the second floor rooftop. As
mentioned earlier, this building houses the critical testing and optics equipment that has
historically required stringent temperature, humidity, and pressure requirements. For
example in 1982, the HVAC systems were redesigned to maintain optical paths throughout
the building. The design not only included temperature and humidity control but also the
control for maintaining a 5% positive pressure relationship. Single zone air handling units
were designed with duct mounted reheat coils. The supply air temperature is controlled at
a constant temperature an average of 52°F. Thus, there are many days that the air is sub-
cooled below what is needed and then reheated to maintain the space temperature. Althowgh
there may not be a need to set the supply air temperature to a constant value, there is still a
need to maintain the supply airflow and the pressure requirement. Thus, the
recommendations in this study will only look at ways that will reduce the energy
consumption without changing the pressure relationship in the space or airflow patterns.
Overall, the HVAC system performance in this building is good, but inefficient.

Pump and fan motors used in the building are generally standard efficiency motors. The
replacement of these motors with premium efficiency motors could help save electrical
energy.

TC-2 - The building contains the central CHW and HW plants for the buildings in the test
cell area. The primary cooling system consists of a pair of 175 ton centrifugal, water cooled
chillers, which are 13 years old and use R-11 refrigerant. One chiller was provided as a
standby unit only, and is generally not required to meetpeak cooling loads. These machines
are located on the first floor and generally produce 42°F to 45°F CHW for the test cell
area’s air handler cooling coils. A two cell packaged cooling tower is located outside to
serve the chillers. The cooling tower has very recently been retrofitted, and is in excellent
condition. The chillers, on the other hand, have recently required maintemance, and one has
even had the compressor replaced. Moreover, both of these chillers require R-11 refrigerant
which is no longer produced as of January 1, 1996. Even though the refrigerant will be
available for service in the near future, the price of the refrigerant will continue to increase
as the refrigerant becomes more scarce. Therefore, these two chillers need to be replaced,
and according to the HELSTF and maintenance contractor, need to be replaced as soon as
possible. However, since one machine currently operates as a standby unit, it would be
uneconomical to modify or replace more than one chiller underthe limitations and scope of
this study. Therefore, the owner needs to address and consider replacing both chillers using
all other means possible.

The primary heating systems consist of a pair of oil fired firebox boilers which are 13 years
old and have a combined rated capacity of 2208 MBH. Again, one boiler was provided as
a standby unit only, and is generally not required to meet peak heating loads. The boilers
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are located on the second floor of the building and generally produce 220°F HW. These
boilers appeared to be in poor condition, and were reported to contain asbestos lining on the
inside, preventing thorough cleaning. More efficient boilers, which could be more readily
maintained, are currently available. However, since one boiler is a standby unit, it would
be uneconomical to replace more than one boiler. One shell and tube heat exchanger was
located adjacent to the boilers. The HW from the boilers is circulated through the heat
exchanger, to produce 180°F HW for distribution through the air handling systems in the test
cell area. These heat exchangers should be eliminated from the systems, and HW from the
boilers circulated directly to improve the overall heating system efficiency.

A pair of CHW pumps are located near the chillers on the first floor to distribute CHW to
the cooling coils in the test cell area. Four HW pumps are located near the boilers on the
second floor. Two of these HW pumps circulate water between the boilers and the heat
exchangers, and the other two circulate HW between the heat exchangers and the heating

coils. DHW for the restroom in TC-2 is generated by a small, residential type electric water
heater.

The only secondary HVAC system in TC-2 is a residential type evaporative cooling unit
located on the second floor of the building. This unit is operated in the summertime to
reduce the second floor space temperatures where the boilers are located.

Pump and fan motors used in the building are generally standard efficiency motors. The

replacement of these motors with premium efficiency motors could help save electrical
energy.

Lighting Data: Lighting equipment data sheets with actual measured lighting levels are included in
Appendix F (Volume II, Tab 6). The lighting system in the three buildings is generally described
as follows:

1.

LSTC - Interior lighting in the building is generally fiiorescent in most areas. These lay-in
and surface mounted fixtures are generally equipped with standard magnetic ballasts and
F40CW/T12 lamps. The installation of electronic ballasts and T-8 lamps throughout the
building could help save lighting energy. Also, installed in many areas are some high
wattage incandescent lamp holders. This is an inefficient light source with a short lamp lig,
and should be retrofitted with compact fluorescent lamps. The lighting measurements, taken
during the site visit and the COE recommended design values for each area, are listed on the
lighting equipment lists. Measured lighting levels were generally higher than the COE
recommended levels. The replacement of fluorescent lamps should maintain the lighting
levels at their present levels with a decrease in energy consumption since the replacement
energy efficient lamps have an equivalent or higher lumen output and a lower wattage than
the existing standard efficiency lamps. There are no switches in many areas and therefore
hallway and other area lighting remains on most of thetime. Only some office lighting is
turned off by the occupants when leaving the building. Automatic controls, such as
occupancy sensors, should be installed to turn off lights in some areas, such as offices,
equipment rooms, janitor closets, storage rooms, restrooms, and break areas, during
unoccupied times. The exit signs, in the building, utilize incandescent lamps. The
installation of LED retrofit kits throughout the building could help save lighting energy.
Because of the domed above ground exterior of the building, there is no exterior lighting.
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2. TC-1 - Interior lighting in the building is generally high pressure sodium and fluorescent in
all areas. The fluorescent lighting is generally equipped with standard magnetic ballasts and
FA0CW/T12 lamps. The installation of electronic ballasts and T-8 lamps throughout the
building could help save lighting energy. Also, installed in many areas are some high
wattage incandescent lamp holders. This is an inefficient light source with a short lamp lif,
and should be retrofitted with compact fluorescent lamps. The lighting measurements, taken
during the site visit and the COE recommended design values for each area, are listed on the
lighting equipment lists. Measured lighting levels were generally higher than the COE
recommended levels. The replacement of fluorescent lamps should maintain the lighting
levels at their present levels with a decrease in energy consumption since the replacement
energy efficient lamps have an equivalent or higher lumen output and a lower wattage than
the existing standard efficiency lamps. There are few switches in many areas and therefore
much of the lighting remains on most of the time. Only some of the lighting is turned off
by the occupants when leaving the building. Automatic controls, such as occupancy sensors
should be installed to turn off lights in some areas, such as control rooms, equipment rooms
storage rooms, and vestibules, during unoccupied times. The exit signs, in the building,
utilize incandescent lamps. The installation of LED retrofit kits throughout the building
could help save lighting energy. Exterior lighting consists of high pressure sodium wall
packs mounted on the building around the perimeter. This is an efficient lightsource and
should remain in use.

3. TC-2 - Since the evaluation of the lighting systems of Test Cell 2 were not included in the
scope of this study, only visual observations were made at the time of the site visit. No
lighting ECOs were calculated for this building, but observations and recommendations are
included herein. Interior lighting in the building is generally high pressure sodium and
fluorescent in all areas. The fluorescent strip lighting is generally equipped with standard
magnetic ballasts and F40CW/T12 lamps. The installation of electronic ballasts and T-8
lamps throughout the building could help save lighting energy. Also, installed in many areas
are some high wattage incandescent lamp holders. This is an inefficient lightsource with
a short lamp life, and should be retrofitted with compact fluorescent lamps. The exit signs,
in the building, utilize incandescent lamps. Exterior lighting consists of high pressure
sodium wall packs mounted on the building around the perimeter. This is an efficient light
source and should remain in use.

Maintenance and Operations Data: All lighting and HVAC system maintenance at the facility is
performed by an outside contractor, Aerotherm Inc. In general, facility maintenance appears to be
adequate, with most systems functioning properly during the site visit. The maintenance personnel
were very knowledgeable about the building systems, and took pride in their proper operation.
Lighting maintenance appeared to be somewhat less than desirable however, with many lights
remaining burned out for long periods.

Most systems in the buildings studied are generally operated 24 hours a day, 365 days a year. This
includes lighting, HVAC systems and test monitoring and control electronics systems. Also, the
HVAC systems work to maintain constant space temperatures and humidity levels 24 hours a day,
with no setback times. Actual testing of laser systems happen only periodically, approximately every
other month for several hours. Therefore it seems that there is ample opportunity to shut down
equipment during times of little occupancy or need and to set back temperature and humidity ranges
within the buildings in an effort to reduce overall energy consumption and cost.
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Actual measurements taken during the walk-through determined that the electrical demand of all
electronics equipment in the LSTC building was 50 KW and in the TC-1 building was 22 KW.
These measurements were taken from the Uninterruptible Power Supply (UPS) systems which sewve
the buildings. All laser system test-related electronics equipment was said to be fed through these
UPS systems. It was also determined that the equipment in operation during the time of these
measurements was left on 24 hours a day, year round. Although this was estimated to be about 50%
of the total building electronics equipment load, used duiing the infrequent testing, it is still a major
source of energy usage at the facility, and impacts the building cooling systems as well. A serious
effort to identify nonessential equipment that can be turned off, especially at night and on weelends,
should be made in the LSTC and TC-1

buildings. This could potentially save Figure 6. Base Year Utility Data

thousands of dollars a year at little or no Bing Electcal Diesel Propane
cost to the facﬂlty Period Usage Cost Usage Cost Usage Cost
MWH $ Gallons $ Gallons $
g AUG 1078)  ssa4s4| 11500 11,155 4102 285

Also, at tl{e TC-2 bu}ldmg, Fhe SEP 1023  84010] 11833 11,478 52008 3672
compressed air systems are in operation ™ ocy 1390] 105244] 15074] 14622 43760 3087
24 hours a day, year round. Just as with [ yoy 1076 814571 16860 16354 87058] 6,042
the electronics equipment mentioned | pec o3| 67504 13055 12,663] 177142] 12,204
previously, an effort should be made to | Jan oss|  80978] 16500 16,005 34058 2,364
turn this equipment off at night and on| FEB 1211]  99435|  6,062|  5880) 70369| 4884
the weekends. As the compressed air | MAR 1125]  92340]  5000]  4850] 21503 1492
systems are used for test-related | A% 1109] 91082 6083 5801

. . MAY 1241 101851 5000 4,850
equipment in the test cell area, a study
by the facility staff would b ired to Y 1028]  s4478] 13000 12610
. y e aci lty s wou © reqUIre 0 JuL 1,120 91,919 5,000 4,850 2025.0 1,405
identify periods when they could be T 13281 1088842] 124967| 121218] 511147 35475

safely turned off.

Utility Data: A recent 12-month utility billing history was obtained from the facility staff and is
shown in Figure 6. This data can be used as a benchmark to compare the computer simulations
output for the facility. Moreover, this ‘base year’ history included an estimation of the electric
consumption for the site, as well as all delivered liquid propane and diesel fuel (heating usage only)
during the period of October 1994 through September 1995. The facility does have an electrical
meter serving the LSTC building and that is assumed by the base to be 80% of the total consumption
for HELSTF. The electric service is

provided by the El Paso Electric Fjgure7. Base Year Electrical Usage Profile
Company (EPEC), and the liquid
propane and diesel fuel are provided
by local suppliers. All of these utilities
are currently billed to HELSTF
through the U.S. Army at the White
Sands Missile Range. The total cost of
electricity for the base year was $1.07
million and the total cost for liquid
propane and diesel fuel was $157
thousand.

MWH

A graph of the base year electrical
energy usage is shown in Figure 7.
Looking at the graph, the consumption
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does not follow a typical curve for a facility that utilizes alternative heatingfuel. There are a couple
of reasons for this. One is that the testing schedule for HELSTF is sporadic and the testing process
consumes a significant amount of energy. Furthermore, during the “Base Year”, not only did the
main transformer explode, but the base also lost the capabilities of one of the central meters.
Therefore, both the EPEC and White Sands Missile Range decided to estimate the consumption
during this time on historical data.

A graph of the base year diesel fuel Figure 8. Base Year Diesel Usage Profile

usage is shown in Figure 8. This
profile is very unusual, but perhaps 18000
reflects that diesel fuel is used for 16000
space and process heating or reflects 14000
the other users besides HELSTF. The 12000 -
variation of monthly fuel deliveries 10000 -
indicates that heavy process heating
was required from August through
January, and again in June. The fuel
deliveries in the other months, while 2000 |
approximately half as much as before,
are still excessive. This is possibly an
indication of inefficiencies in the diesel
fired heating systems, as well as
continuous  operation of  this

equipment. In either case, it seems to  Figure 9. Base Year Propane Usage Profile
indicate that the potential for diesel

DIESEL GALLONS

AUG
OCT
DEC
FEB
APR
JUN

fuel savings is significant at HELSTF. 18000
«» 16000
A graph of the base year liquid § 14000
propane usage is shown in Figure 10. = 12000
This profile is more typical for a & 10000
heating fuel, with an annual ‘heating u 8000
hump’ during the winter season, and < 6000
minimal or no usage the rest of the 8 4000 -
year. In the buildings included in this o 2008 1

study, there is currently no propane
usage. However, this study will
recommend using propane fired boilers
if applicable.

The current electric utility rates from EPEC, as well as the current coss of propane and diesel, were
obtained during the audit and are included in the Appendix A. The current avoided cost for electrical
savings is $0.083 per KWH. For diesel fuel savings the avoided cost is $0.97 per gallon, and for
liquid propane savings the avoided cost is $0.676 per gallon.
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Replacement Boiler Selection: Data on available replacement boilers were obtained from typical
manufacturers in order to select representative boilers for ECO evaluations. This data included
performance characteristics, physical dimensions and cost figures. The criteria for selecting new
boiler systems for the ECOs are described below.

1.

Efficiency. Replacement boilers that had the highest overall efficiency over the operating
range were selected in each area. In most cases, this criteria was met by the high-efficiency
modular boilers which were modeled in the ECOs. These are fully condensing, forced draft
firetube units that have efficiencies to 99 % in part load operation. No other boilertype was
found to match this performance.

Turn-down ratio. In order to limit the thermal shock and efficiency losses associated with
cycling, replacement boilers for the ECOs needed to have a high turn-down ratio. The 14:1

ratio associated with the modular boilers used in most ECOs wasas good or better than other
available boilers with lower efficiencies. And the modular concept of using multiple boikrs

to match the heating loads, combined with this high turn-down ratio, minimizes the negatie

impacts of cycling.

Controls. In order to closely match the heating load requirements at any given time,all new
boilers were selected with fully modulating controls. Two-position or multi-stage controls
would increase the possibility of boiler cycling, as well as reduce the part load efficiency.

Physical size. In order to fit the new boilers into the buildings without modifying the
existing boiler room openings, the small footprint and overall size of the modular boilers was
the best choice for the ECOs. Other types of boilers were larger and would require more
effort and cost to install in the buildings.

First cost. The first cost of the modular boilers was greater than other types available.
However, the efficiency improvements of these units justified the higler initial first costs in
the Life Cycle Cost Analysis.

Maintenance requirements and costs. All types of replacement boilers would require annual
cleaning of the heat exchanger surfaces, as well as blow-down and optimization of the
combustion systems. The boilers used in the ECOs appeared to be as good or better than
all other boiler types in ease of maintenance. This is due to their small physical size and
construction features.

Replacement Chiller Selection: Data on available replacement chillers were obtained from typical
manufacturers in order to select representative chillers for ECO evaluations. This data included
performance characteristics, physical dimensions and cost figures. The criteria for selecting new
chiller systems for the ECOs are described below.

1.

Machine Type. Water cooled machines were selected over air cooled machines because
existing cooling towers, pumps, etc. could be used with the proposed chillers. Additionally,
the efficiencies of the water cooled equipment is higher than the air cooled equipment of ths
size. Generally, in the 100-200 ton range, the three types available are screw, centrifugal,
and reciprocating. Reciprocating was selected as a third choice because the efficiency of the
machines is very low. Centrifugal and screw machines were compared with each other
based on efficiency and first cost.
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3. Drive configuration. The new machines selected for ECO analysis all had open drives on
the compressors. This increases the first cost somewhat, but decreases the long term
maintenance costs.

4, Refrigerant. Replacement chillers were to all use either R22, R-123 or R-134a refrigerant,
as per the scope of work, and the size of the chiller.

5. Efficiency. The full and part load efficiencies for all machines sclected for evaluation were
used in the ECOs. The relative effects of these efficiency differences are illustrated in the
Life Cycle Cost Analysis of each machine.

6. First cost. The first cost data for all machines selected for evaluation were usedin the ECOs.
The relative effects of these cost differences are illustrated in the Life Cycle Cost Analysis
of each machine.

7. Maintenance requirements and costs. All types of replacement chillers would require
periodic cleaning of the heat exchanger surfaces, as well as optimization of the compressor
systems and controls.

C. Plan To Implement Projects:

Project Funding: The DD-1391 forms, the associated cost estimates and life cycle cost analysis
summary sheets for all projects are provided on pages 22 through 53. These are to be submitted for
project funding, along with the calculations in Appendix B, if required.

Programming: An engineering design firm should be selected to produce construction contract
drawings and specifications for all of the projects which are funded either through ECIP or by other
means. All of the savings calculations and cost estimates for the recommended ECOs in Appendix
B should be supplied to the designers in order to inform them of the intent and projected budget of
each ECO. The designers should use the equipment sizing described in the ECOs as a guide only,
and perform all calculations necessary to properly size all new equipment These calculations shoul

take into consideration all existing field conditions in the areas effected by the ECOs. It is
recommended that existing auxiliary equipment be reused wherever possible to reduce the first cost
of each project. The designer should field verify the condition of all existing equipment before
specifying it’s disposition. Where equipment is to be removed, the specifications should include
some provisions dealing with the possible salvage value of this equipment. The facility’s project
manager should ensure that all new designs produced by the design firm do conform with the intent
of each ECO, in order to realize the estimated savings. All construction drawings andspecifications

should be compared to the original ECOs to ensure compliance, prior to releasing for bids.

Construction: Once the plans and specifications have been reviewed and approved, the facility’s
project manager should release them for bids, using their normal construction procurement
proceedings. Care should be taken to schedule all work at atime which would minimize the negative
impact of projects on the buildings that remain occupied and during testing periods. Prior to
construction, the facility should review all shop drawings and submittals to once again ensure
compliance with the original intent of each ECO.
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1. COMPONENT 2. DATE
ARMY FY 1997 MILITARY CONSTRUCTION PROJECT DATA 8/23/96

3. INSTALLATION AND LOCATION 4, PROJECT TITLE

HELSTF, WHITE SANDS MISSILE RANGE, NM, ECIP - Lighting/HVAC Retrofit, Project 1
5. PROGRAM ELEMENT 6. CATAGORY CODE 7. PROJECT NUMBER 8. PROJECT COST ($000)

439.204
9. COST ESTIMATES
ITEM UM QUANTITY UNIT COST COST ($000)

LIGHTING FIXTURE UPGRADE EA 1 179.2 179.2
OCCUPANCY SENSORS FOR. LIGHTING CONTROL EA 1 66.8 66.8
VAV RETROFIT EA 1 140.8 140.8
HIGH EFFICIENCY MOTOR RETROFIT EA 1 52.4 52.4
ESTIMATED CONTRACT COST 396.695
CONTINGENCY (0%) 0.0
SIOH 19.665
DESIGN 20.444
TOTAL REQUEST 439.204
TOTAL REQUEST (ROUNDED) 4%9.000

10. DESCRIPTION OF PROPOSED CONSTRUCTION

A: Retrofit 1,796 existing fluorescent light fixtures with electronic ballasts and T& lamps. This will
require a total of 1,796 ballaste and 3,533 lamps. Replace 37 incandescent lamps in existing: .
fixtures with compact fluorescent lamps. This will require an electronic ballast adapter base which
screws into the existing fixture base. Eeplace all incandescent lamps in the 37 exit signs with LED
light strips.

B. Install 201 ceiling mounted motion sensors in various area of the LSTC and TC-1 buildings. Re-
circuit the area light fixtures to the occupancy sensors to turn off the lights during unoccupied
periods.

C. Convert 7 existing single zone or multizone , constant volume air handling units in the LSTC
building to VAV. Install variable frequency drive and static pressure controller for each air handling
unit. Install 112 VAV retrofit air valves with pneumatic controls to maintain space temperature
conditions.

D. Replace 47 existing fan and pump motors in the LSTC, TC-1 and TC-2 buildings with high efficiency
motors. Motors serving backup systems will not be replaced, due to the reduced run times of these
motors.

FORM PAGE NO.
DD, poers 1391 |

1of2
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1. COMPONENT 2. DATE
ARMY FY 1997 MILITARY CONSTRUCTION PROJECT DATA 8123196

3. INSTALLATION AND LOCATION
HELSTF, WHITE SANDS MISSILE RANGE, NM.

4. PROJECT TITLE 5. PROJECT NUMBER
ECIP - Lighting/HVAC Retrofit, Project 1

11. REQUIREMENT

The project is required to reduce lighting and HYAC systems energy consumption at HELSTF. The Frojcct

rovide more energy efficient lighting systems, fan and pumE motors, and air handling systems. All buildings
included in this project will be active throughout the payback period. Installation of these retrofits will result
in the following:

Electrical Energy Savings 5,098 MMBTU/yr
Diesel Energy Savings -56 MMBTU/yr
Total Energy Savings 5,042 MMBTU/yr
Total Cost Savings 126,655 $/yr
Total Investment 439,204 $
Simple Payback 2.46 yre
SIR 418

CURRENT SITUATION:

A. The existing 4 foot fluorescent fixtures in the LSTC and TC-1 buildings currently use standard T12, 40 watt
lamps and magnetic ballaste. The retrofit will replace the existing lamps and ballasts with T& lamps and
electronic ballasts. The existing incandescent light fixtures in the LSTC and TC-1 buildings currently use
standard 100, 150 and 200 watt incandescent lamps. The retrofit will replace the existing lamps with
compact fluorescent lamps. The existing exit lighte in the LSTC and T-1 buildings use two 20 watt
incandescent lamps. The retrofit will replace the existing lamps with two 2 watt LED light strips. Each of
these lighting retrofits will produce an equivalent or higher lumen output per fixture, with a significantly lower
power input. Since this retrofit will reduce the building lighting load, there will be savings in HYAC cooling energy,
and a penalty in heating energy.

B. Several areas in the LSTC and TC-1 buildings are unoccupied for a large portion of the work day. The areas
typically have 4 foot fluorescent lighting fixtures, which is left on during these unoccupied periods. Typical
areas considered for this ECO are mechanicallelectrical rooms, storage rooms, restrooms, oftices, conference
rooms, computer centers and other miscellaneous areas. Ceiling mounted motion sensors will be installed to
turn off the lighting in these areas when the areas are unoccupied. Since the retrofit will reduce the building
lighting load, there will be savings in HVAC cooling energy and a penalty in heating energy.

C. Air handling units 1, 2, and 7 are multizone type AHU. The space temperature of these units is maintained
by varying the supply air temperature while maintaining constant airflow. AHUs 3,5, 6, and 5-4 are single zone
constant volume unit with hot water reheat. Space temperature setpoints are maintained by reheating cold
Erimary air. The current control strategies and operation of these units waste thermal energy. These AHU will

e converted to variable volume units, with the addition of variable frequency drives, VAV retrofit air valves with
pnc;matic controls and duct static pressure controllers to minimize the energy required to satisfy the space
conditions.

D. The existing fan and pump in the LSTC and TC-1 buildings utilize standard efficiency motors. The retrofit will

replace the existing motors with high efficiency motors that will provide an equivalent horsepower output with
a lower power input.

IMPACT IF NOT PROVIDED

If this project is not provided, the above mentioned savings in lighting and cooling energy and costs will continue
to be wasted. There will be no contribution to the energy reduction goals established at the facility.

FORM PAGE NO.
DD 1DEC 76 1591 . 20f2
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Life Cycle Cost Analysis Study: HELSTF.LC

Energy Conservation Investment Program (ECIP) LCCID FY96
Installation & Location: WSMR
Region data: NEW MEXICO Census Region: 4

Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
cal Year: 1997 Discrete Portion: PROJECT 1
lysis Date: 08/20/96 Economic Life: 20 vyears

Prepared by: Michael W. Elliott, P.E., CEM

ECIP Summary Report

1. Investment

A. Construction Cost 398895
B. SIOH 19865
C. Design Cost 20444
D. Total Cost (1A+1B+1C) $439,204
E. Salvage Value of Existing Equip. $0
F. Public Utility Company Rebate SO
G. Total Investment (1D-1E-1F) $439,204

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price [Price Usage Usage Annual Discount |Discounted
Units |Savings |Units Savings Factor Savings
Electricity $25. | /Mbtus 5,098 |Mbtus $127,246 14.47| $1,841,251
Elec. Deman SO 13.47 S0
Distillate $.|/Mbtus 0 [Mbtus $0 17.01 $0
sidual Oi $.|/Mbtus 0 {Mbtus $0 17.23 $0
tural Gas $.|/Mbtus 0 [Mbtus $0 17.32 $0
L al $.|/Mbtus 0 |[Mbtus $0 14 .04 $0
LPG $6.5|/Mbtus 0 |Mbtus S0 15.64 S0
Solar $.|/Mbtus 0 [Mbtus S0 13.47 $0
Geothermal $.|/Mbtus 0 |[Mbtus S0 13.47 S0
Biomass $.|/Mbtus 0 |Mbtus $0 13.47 $0
Refuse $.|/Mbtus 0 |Mbtus S0 13.47 $0
Wind $.|/Mbtus 0 |Mbtus S0 13.47 S0
Other $7.|/Mbtus -56 |Mbtus -$391 13.47 -$5,273
TOTAL 5,042 |Mbtus $126,855 $1,835,978
3. Non Energy Savings (+) / Costs (-)
Item Savings/ Year Discount Discounted
Cost Factor |Savings/Cost
ANNUAL TOTAL $0 SO
ONE TIME TOTAL =10) S0
TOTAL S0 S0
4. First Year Dollar Savings $126,855
5. Simple Payback Period (Years) 3.46
6. Total Net Discounted Savings $1,835,978
7. Savings to Investment Ratio 4.18
Tf < 1, Project does not qualify
ydjusted Internal Rate of Return 11.82%



Life Cycle Cost Analysis Study: HELSTF.LC

Energy Conservation Investment Program (ECIP) LCCID FY96
Installation & Location: WSMR
Region data: NEW Census Region: 4

Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
scal Year: 1997 Discrete Portion: ECO-A
lysis Date: 08/16/96 Economic Life: 20 vyears

Prepared by: MICHAEL W. ELLIOTT, P.E., CEM

ECIP Summary Report

|
! 1. Investment

A. Construction Cost $162,718
B. SIOH $8,111
C. Design Cost $8,347
D. Total Cost (1A+1B+1C) $179,176
E. Salvage Value of Existing Equip. $0
F. Public Utility Company Rebate S0
G. Total Investment (1D-1E-1F) $179,176

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |Price Usage Usage Annual Discount |Discounted
Units |Savings |[Units Savings Factor Savings
Electricity $25. | /Mbtus 2,016 |Mbtus $50,319 14 .47 $728,121
Elec. Deman S0 13.47 S0
Distillate $.|/Mbtus 0 |Mbtus $0 17.01 $0
egsidual Oi $.|/Mbtus 0 |Mbtus $0 17.23 $0
‘ tural Gas $.|/Mbtus 0 |Mbtus $0 17.32 $0
—wal $.|/Mbtus 0 |Mbtus S0 14.04 S0
LPG $6.5|/Mbtus 0 |Mbtus S0 15.64 S0
Solar $.|/Mbtus 0 [Mbtus S0 13.47 $0
Geothermal $.|/Mbtus 0 |Mbtus $0 13.47 S0
Biomass $.|/Mbtus 0 |Mbtus $0 13.47 $0
Refuse $.|/Mbtus 0 |Mbtus $0 13.47 $0
Wind $.|/Mbtus 0 [Mbtus $0 13.47 $0
Other $7.|/Mbtus -31 |Mbtus -$217 13.47 -$2,919
TOTAL 1,985 |Mbtus $50,103 $725,202

Item Savings/ | Year |Discount Discounted

Cost Factor Savings/Cost

ANNUAL TOTAL S0 S0

ONE TIME TOTAL $0 S0

TOTAL S0 S0

4. First Year Dollar Savings $50,103

5. Simple Payback Period (Years) 3.58

6. Total Net Discounted Savings $725,202

7. Savings to Investment Ratio 4.05

.Tf < 1, Project does not qualify
AMjusted Internal Rate of Return 11.64%
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Life Cycle Cost Analysis Study: HELSTF.LC

Energy Conservation Investment Program (ECIP) LCCID FY96
Installation & Location: WSMR
Region data: NEW Census Region: 4

Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
cal Year: 1997 Discrete Portion: ECO-B
lysis Date: 08/16/96 Economic Life: 20 vyears

Prepared by: MICHAEL W. ELLIOTT, P.E., CEM

ECIP Summary Report

1. Investment

A. Construction Cost $60,653
B. SIOCH $3,023
C. Design Cost S3,111
D. Total Cost (1A+1B+1C) 566,787
E. Salvage Value of Existing Equip. $0
F. Public Utility Company Rebate SO
G. Total Investment (1D-1E-1F) S66,787

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |Price Usage Usage Annual Discount |Discounted
Units |Savings |Units Savings Factor Savings

Electricity $25. | /Mbtus 1,454 |Mbtus $36,292 14 .47 $525,143
Elec. Deman S0 13.47 S0
Distillate $.|/Mbtus 0 |Mbtus $0 17.01 $0

sidual Oi $.|/Mbtus 0 [Mbtus $0 17.23 S0

tural Gas $.|/Mbtus 0 |Mbtus S0 17.32 S0
wwal $.|/Mbtus 0 |Mbtus $0 14 .04 $0
LPG $6.5|/Mbtus 0 |Mbtus S0 15.64 so0
Solar $. | /Mbtus 0 [Mbtus $0 13.47 $0
Geothermal $S.|/Mbtus 0 |Mbtus S0 13.47 $0
Biomass $S.|/Mbtus 0 |Mbtus $0 13.47 $0
Refuse $.|/Mbtus 0 |[Mbtus $0 13.47 S0
Wind $. | /Mbtus 0 |Mbtus $0 13.47 $0
Other $7.|/Mbtus -25|Mbtus -8175 13.47 -$2,354
TOTAL 1,429 |Mbtus $36,117 $522,789

3. Non Energy Savings (+) / Costs (-)

Item Savings/ Year Discount Discounted
Cost Factor Savings/Cost
ANNUAL TOTAL $0 $0
ONE TIME TOTAL $O $0
TOTAL $0 $0
4. First Year Dollar Savings $36,117
5. Simple Payback Period (Years) 1.85
6. Total Net Discounted Savings $522,789
. Savings to Investment Ratio 7.83
b’f < 1, Project does not qualify
i\djusted Internal Rate of Return 15.38%
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Life Cycle Cost Analysis Study: HELSTF.LC

Energy Conservation Investment Program (ECIP) LCCID FY96
Installation & Location: WSMR
Region data: NEW Census Region: 4

Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
cal Year: 1997 Discrete Portion: ECO-D
lysis Date: 08/16/96 Economic Life: 20 years

Prepared by: MICHAEL W. ELLIOTT, P.E., CEM

ECIP Summary Report

1. Investment

A. Construction Cost 127899
B. SIOH 6375
C. Design Cost 6561
D. Total Cost (1A+1B+1C) $140,835
E. Salvage Value of Existing Equip. $0
F. Public Utility Company Rebate S0
G. Total Investment (1D-1E-1F) $140, 835

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |Price Usage Usage Annual Discount |Discounted
Units |Savings |Units Savings Factor Savings

Electricity $25. | /Mbtus 1,271 |Mbtus $31,724 14.47 $459,049
Elec. Deman SO 13.47 S0
Distillate $.|/Mbtus 0 |Mbtus S0 17.01 S0
sidual Oi $S.|/Mbtus 0 |Mbtus $0 17.23 $0
’etural Gas $.|/Mbtus 0 [Mbtus S0 17.32 S0
wwoal $.|/Mbtus 0 [Mbtus 10} 14.04 $0
LPG $6.5|/Mbtus 0 |Mbtus S0 15.64 $0
Solar $.|/Mbtus 0 {Mbtus $0 13.47 $0
Geothermal $S.|/Mbtus 0 [Mbtus S0 13.47 S0
Biomass $.|/Mbtus 0 {Mbtus S0 13.47 S0
Refuse $.|/Mbtus 0 |Mbtus S0 13.47 S0
Wind $.|/Mbtus 0 [Mbtus S0 13.47 S0
Other $7.|/Mbtus 0 [Mbtus S0 13.47 S0
TOTAL 1,271 |Mbtus $31,724 $459,049

3. Non Energy Savings (+) / Costs (-)

Item Savings/ Year Discount Discounted
Cost Factor Savings/Cost
ANNUAL TOTAL S0 $0
ONE TIME TOTAL $0 S0
TOTAL $0 S0
4. First Year Dollar Savings $31,724
5. Simple Payback Period (Years) 4.44
6. Total Net Discounted Savings $459,049
7. Savings to Investment Ratio 3.26
.*f < 1, Project does not qualify
Adjusted Internal Rate of Return 10.44%
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Energy Conservation Investment Program

Life Cycle Cost Analysis

Installation & Location: WSMR
Region data: NEW

Project NO.

cal Year:
lysis Date

& Title:

(ECIP)

Census Region: 4
03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY

1997 Discrete Portion:

: 08/16/96 Economic Life:
Prepared by: MICHAEL W. ELLIOTT, P.E.,

ECIP Summary Report

ECO-E
20
CEM

Study: HELSTF.LC
LCCID FY96

years

Savings

$128,938
$0
$0
$0
$0
$0
$0
$0
$0
$0
SO
$0
S0
$128,938

1. Investment
A. Construction Cost $47,625
B. SIOH $2,356
C. Design Cost $2,425
D. Total Cost (1A+1B+1C) $52,406
E. Salvage Value of Existing Equip. $0
F. Public Utility Company Rebate S0
G. Total Investment (1D-1E-1F) $52,406
2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995
Fuel Price |Price Usage Usage Annual Discount
Units |[Savings |Units Savings Factor
Electricity $25. | /Mbtus 357 |Mbtus $8,911 14 .47
Elec. Deman $0 13.47
Distillate $.|/Mbtus 0 [Mbtus $0 17.01
egidual Oi $.|/Mbtus 0 |Mbtus $0 17.23
tural Gas $.|/Mbtus 0 |Mbtus $0 17.32
wwal $.|/Mbtus 0 [Mbtus $0 14.04
LPG $6.5|/Mbtus 0 |Mbtus $0 15.64
Solar S.|/Mbtus 0 [Mbtus S0 13.47
Geothermal $.|/Mbtus 0 |Mbtus $0 13.47
Biomass $.|/Mbtus 0 |Mbtus $0 13.47
Refuse $.|/Mbtus 0 |Mbtus $0 13.47
Wind $.|/Mbtus 0 [Mbtus S0 13.47
Other $7.1/Mbtus 0 |Mbtus $0 13.47
TOTAL 357 |Mbtus $8,911
3. Non Energy Savings (+) / Costs (-)
Item Savings/ Year Discount Discounted
Cost Factor |Savings/Cost
ANNUAL TOTAL $0 S0
ONE TIME TOTAL S0 S0
TOTAL S0 S0
4. First Year Dollar Savings $8,911
5. Simple Payback Period (Years) 5.88
6. Total Net Discounted Savings $128,938
7. Savings to Investment Ratio 2.46
"f < 1, Project does not qualify
‘Adjusted Internal Rate of Return 8.89%
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1. COMPONENT

ARMY FY 1997 MILITARY CONSTRUCTION PROJECT DATA

2. DATE

81235196

3. INSTALLATION AND LOCATION

HELSTF, WHITE SANDS MISSILE RANGE, NM.

4. PROJECT TITLE

ECIP - Energy Mgmt System, Project 2

5. PROGRAM ELEMENT 6. CATAGORY CODE

7. PROJECT NUMBER

8. PROJECT COST ($000)

443.021

9. COST ESTIMATES

ITEM

um

QUANTITY

UNIT COST

COST ($000)

ENERGY MANAGEMENT SYSTEM

ESTIMATED CONTRACT COST
CONTINGENCY (0%)

SIOH

DESIGN

TOTAL REQUEST

TOTAL REQUEST (ROUNDED)

EA

1

443.0

443.0

402.228
0.0
20.054
20.639

443.021

443.000

10. DESCRIPTION OF PROPOSED CONSTRUCTION

Install Energy Management System (EMS) at the LSTC, TC-1 and TC-2 buildings. The EMS will be
equipped with standalone DDC controllers with fully distributed processing capabilities. These
controllers will communicate with each other as well as with a personal computer based operator
workstation. The operator workstation will be installed in the LSTC building to monitor and control
the HVAC systems in each building. Buildings TC-1 and TC-2 will communicate with the operator
workstation via telephone lines. HYAC equipment including air handling units, exhaust fans and
chillers in each of the three buildings will be monitored and controlled by the EMS.

The EMS will provide the following control strategies to reduce HVAC system energy consumption:

Optimal start/stop control
Direct Digital Control (DDC)
Outside air economizer cycles
Chilled water reset

Condenser water reset
Programmed start/stop control.

QIS N
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PAGE NO.
1o0f 2

36




1. COMPONENT 2. DATE

ARMY FY 1997 MILITARY CONSTRUCTION PROJECT DATA 8123196

3. INSTALLATION AND LOCATION
HELSTF, WHITE SANDS MISSILE RANGE, NM.

4. PROJECT TITLE 5. PROJECT NUMBER
ECIP - Energy Management System, Project 2

1. REQUIREMENT

The project is required to reduce HYAC systems energy consumption at HELSTF. The project provide more
energy efficient control of air handling systems, fans, pumps, chillers, etc. All buildings included in this project
will be active throughout the payback period. Installation of these retrofits will result in the following:

Electrical Energy Savings 4419 MMBTU/yr
Diese! Energy Savings 542 MMBTU/yr
Total Energy Savings 4,901 MMBTU/yr
Total Cost Savings 14,087 $/yr
Total lnvestment 443,021 $
Simple Payback 2.65 yre
SIR 3.72

CURRENT SITUATION:

A. Installing an EMS is intended to coordinate all of the existing controls and add controls that will not only
save energy costs, but will also save maintenance costs as well.

B. AHU-S1, which provides conditioned outside air to AHUs 1, 2, 3, 5, 6, 7, and 12 in the LSTC building, will be
equipped with a variable frequency drive and static greseure controls to reduce to outside air cfm to match
the current outside air requirements of the LSTC. Outside air ventilation requirements are based on 20 cfm
per person as required by ASHRAE 62-1989. An outside air economizer cycle will also be added to AHU-51, to
provide free cooling when the outside air conditions are favorable.

C. AHUs1,2,3,5,6, and 7 presently operate 24 hours per day, 365 days a year, while the spaces served by
these AHU are occupied from 7 am to 4 pm, Monday through Friday. These AHU will be started/stopped by
the EMS to ensure that the AHU operate only during times that the associated space is occupied. These
AHU will also be controlled by a night setback/setup control strategy, that will ensure that the space
temperature stays below 85 degrees during the summertime and above 65 degrees in the wintertime.

D. All multizone AHU and single zone AHU will be equipped with DDC controls to maintain the space
temperature and space humidity setpoints in the spaces served by the respective AHU. Outside air
economizer cycles will also be implemented for those AHU serving Building TC-1.

E. Chillers CH-51 and CH-52 are presently equipped with chilled water and condenser water reset controls. As
the differential pressure between the evaporator and condenser decreases, the energy required to operate the
chiller compressor also decreases. The cooling tower will be controlled by the condenser water reset program
to provide colder condenser water to the chiller. The condenser water reset program will consider prevailing
outdoor conditions as part of the reset algorithm.

F. Exhaust fan EF-2 and circulation pump P-5 will be controlled by the EMS on a time schedule, as both pieces
of equipment presently operate 24 hours per day, 365 days a year.

IMPACT IF NOT PROVIDED

If this project is not provided, the above mentioned savings in cooling energy and costs will continue to be
wasted. There will be no contribution to the energy reduction goals established at the facility.
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Life Cycle Cost Analysis Study: HELSTF.LC

Energy Conservation Investment Program (ECIP) LCCID FY96
Installation & Location: WSMR
Region data: NEW Census Region: 4

Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
cal Year: 1997 Discrete Portion: PROJECT 2
ysis Date: 08/20/96 Economic Life: 20 years

Prepared by: Michael W. Elliott, P.E., CEM

ECIP Summary Report

1. Investment

A. Construction Cost 402328
B. SIOCH 20054
C. Design Cost 20639
D. Total Cost (1A+1B+1C) $443,021
E. Salvage Value of Existing Equip. $0
F. Public Utility Company Rebate S0
G. Total Investment (1D-1E-1F) $443,021

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |[Price Usage Usage Annual Discount {Discounted
Units |Savings |Units Savings Factor Savings
Electricity $25. | /Mbtus 4,419 Mbtus $110,298 14.47| $1,596,016
Elec. Deman S0 13.47 S0
Distillate $.|/Mbtus 0 [Mbtus $0 17.01 $0
esidual Oi $.|/Mbtus 0 |Mbtus $0 17.23 $0
6Fural Gas $.|/Mbtus 0 {Mbtus $0 17.32 S0
al S.|/Mbtus 0 |Mbtus $0 14 .04 $0
LPG $6.5| /Mbtus 0 |Mbtus 1] 15.64 S0
Solar $.|/Mbtus 0 [Mbtus $0 13.47 $0
Geothermal $.|/Mbtus 0 [Mbtus $0 13.47 $0
Biomass $.|/Mbtus 0 |Mbtus $0 13.47 $0
Refuse $. | /Mbtus 0 [Mbtus $0 13.47 $0
Wind $.|/Mbtus 0 {Mbtus $0 13.47 S0
Other $7.|/Mbtus 542 |Mbtus $3,789 13.47 $51,032
TOTAL 4,961 |Mbtus $114,087 $1,647,048

Item Savings/ Year Discount Discounted
Cost Factor Savings/Cost
ANNUAL TOTAL S0 S0
ONE TIME TOTAL S0 S0
TOTAL $0 $0
4. First Year Dollar Savings $114,087
5. Simple Payback Period (Years) 3.88
6. Total Net Discounted Savings $1,647,048
7. Savings to Investment Ratio 3.72
f < 1, Project does not qualify
\djusted Internal Rate of Return 11.16%
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Life Cycle Cost Analysis Study: HELSTF.LC

Energy Conservation Investment Program (ECIP) LCCID FY96
Installation & Location: WSMR
Region data: NEW Census Region: 4

Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
cal Year: 1997 Discrete Portion: ECO-C
lysis Date: 08/16/96 Economic Life: 20 vyears

Prepared by: MICHAEL W. ELLIOTT, P.E., CEM

ECIP Summary Report

1. Investment

A. Construction Cost 402328
B. SIOCH 20054
C. Design Cost 20639
D. Total Cost (1A+1B+1C) $443,021
E. Salvage Value of Existing Equip. 40
F. Public Utility Company Rebate $0
G. Total Investment (1D-1E-1F) $443,021

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |[Price Usage Usage Annual Discount |[Discounted
Units |[Savings |Units Savings Factor Savings

Electricity $25. | /Mbtus 4,419 |Mbtus $110,298 14.47| $1,596,016
Elec. Deman S0 13.47 S0
Distillate $.|/Mbtus 0 [Mbtus S0 17.01 $0
sidual Oi $.|/Mbtus 0 [Mbtus $0 17.23 $0
6tural Gas $.|/Mbtus 0 [Mbtus $0 17.32 S0
wwal $.|/Mbtus 0 |Mbtus S0 14 .04 S0
LPG $6.5|/Mbtus 0 |Mbtus 30 15.64 ¢
Solar $.|/Mbtus 0 |[Mbtus S0 13.47 $0
Geothermal $.|/Mbtus 0 [Mbtus $0 13.47 $0
Biomass $.|/Mbtus 0 |Mbtus $0 13.47 $0
Refuse $.|/Mbtus 0 [Mbtus $0 13.47 $0
Wind $.|/Mbtus 0 |[Mbtus S0 13.47 $0
Other $7.|/Mbtus 542 |Mbtus $3,789 13.47 $51,032
TOTAL 4,961 |Mbtus $114,087 $1,647,048

Item Savings/ Year Discount Discounted
Cost Factor Savings/Cost
ANNUAL TOTAL S0 S0
ONE TIME TOTAL 4] $0
TOTAL $0 S0
4. First Year Dollar Savings $114,087
5. Simple Payback Period (Years) 3.88
6. Total Net Discounted Savings $1,647,048
7. Savings to Investment Ratio 3.72
,Tf < 1, Project does not qualify
~ Adjusted Internal Rate of Return 11.16%
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1. COMPONENT 2. DATE

ARMY FY 1997 MILITARY CONSTRUCTION PROJECT DATA 8/23/96
3. INSTALLATION AND LOCATION 4. PROJECT TITLE
HELSTF, WHITE SANDS MISSILE RANGE, NM. ECIP - Boiler/Chiller Retrofit, Project 3
5. PROGRAM ELEMENT 6. CATAGORY CODE 7. PROJECT NUMBER 8. PROJECT COST ($000)
694.62%
9. COST ESTIMATES
ITEM U/M QUANTITY UNIT COST COST ($000)
CHILLER RETROFIT - LSTC BUILDING EA 1 415.2 15174
CHILLER RETROFIT - TC-2 BUILDING EA 1 1843 | 248.890
BOILER RETROFIT - TC-2 BUILDING EA 1 3056 | 30559
ESTIMATED CONTRACT COST 630.818
CONTINGENCY (0%) 0.0
SIOH 31.444
DESIGN 32.361
TOTAL REQUEST 694.62%
TOTAL REQUEST (ROUNDED) 695.000

10. DESCRIPTION OF PROPOSED CONSTRUCTION

A. Remove the three existing centrifugal chillers serving the LSTC building. Replace chillers with one
reciprocating chiller and two screw chillers. Re-pipe the existing chilled water and condenser water
piping into a parallel configuration. Remove existing chilled water and condenser water pumps and
replace pumps with new pumps sized for the application. Remove the existing oil fired steam boiler in
the LSTC basement and replace it with new, propane fired hot water boiler. Replace flue. Remove
diesel fuel piping and fuel tanks. Provide 40(])0 gallon above ground fuel tank. Remove existing heating
water pump and replace with new pumﬁ. Remove the existing 39 steam terminal reheat coils and
replace them with an equal number of hot water coils. Provide refrigerant leak and propane gas
detection systems. Provide new boiler chemmical treatment system. Connect equipment to EMS.

B. Remove the two existing centrifugal chillers serving Building TC-2. Replace chillers with two R-125
screw chillers. Remove existing condenser water pumps and replace with new Eumpa Re-use existing
chilled water pumps. Re-connect all existing controls. Provide refrigerant leak detection system.
Install new controls as required. Connect chillers to EMS.

C. Remove one of the existing diesel fired hot water boilers located on TC-2. mezzanine. Abate
asbestos as required. Replace boiler with new diesel fired hot water boiler. Re-use existing flue and
feedwater piping. Remove existing heat exchanger, primary hot water pumps and expansion tank. Re-
pipe secondary piping from secondary hot water pumps to boiler hot water header. Purge entire
system with propylene glycol. Connect boilers to EMS.
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1. COMPONENT 2. DATE

ARMY FY 1997 MILITARY CONSTRUCTION PROJECT DATA 8/23/96

3. INSTALLATION AND LOCATION

HELSTF, WHITE SANDS MISSILE RANGE, NM.

4. PROJECT TITLE 5. PROJECT NUMBER
ECIP

11. REQUIREMENT

The project is required to reduce chilled water and hot water system energy consun;ption at HELSTF. The
project provides more energy efficient chilled water and hot water systems. All buildings included in this
project will be active throughout the payback period. Installation of these retrofits will result in the following:

Electrical Energy Savings 3,297 MMBTU/yr
Diesel Energy Savings 296 MMBTU/yr
LP Gas Energy Savings -906 MMBTU/yr
Total Energy Savings 2,687 MMBTU/yr
Total Cost Savings 78,509 $/yr
Total Investment 624,623 $
Simple Payback 8.65 yre
SIR 1.62

CURRENT SITUATION:

A. With the implementation of previous ECOs, the peak cooling load in the LSTC building would be 175 tons. To
satisfy this load with the existing chillers would mean operating at an inefficient, low load condition. The
existing series piping configuration of two chillers requires that the existing 60 HF chilled water pump operate
continuously, regardless of cooling loads. The existing chillers use R-11 refrigerant, are approximately 15 years
old and are in poor condition. Due to the reduction in chiller size, the heat recovery package previously used to
produce hot water fo the building would make the chillers inefficient. A modular hot water boiler will be added
to satisfy the building heating requirements.

B. The existing water-cooled, R-11 centrifugal chillers in TC-2 are approximately 14 years old and are in fair to
poor condition. Due to the fact that R-11is no longer manufactured, both chillers should be replaced with
hewer, more efficient chillers with R-123 refrigerant. The condenser water system previously consisted of two
independent loops used to cool test equipment. Since the test equipment is no longer cooled with condenser
water, the pumps serving these loops should be removed and replaced with pumps sized to serve the two
chillers replaced as part of this project.

C. Both of the existing boilers serving Building TC-2 are approximately 14 years old and are relatively
inefficient when compared to modern, modular hot water boilers. By replacing one of the existing boilers with a
higher efficiency boiler (80%) and removing the existing heat exchanger and primary hot water pumps, both
diesel cost savings and electrical cost savings will be realized. With the removal of the heat exchanger, the
existing secondary hot water pumps are presently capable of providing full water flow the hot water boilers.
Since the replacement boiler will be the primary boiler, with the other existing boiler being used in backup
situations only, the overall hot water system efficiency will be increased from 65% to 80%.

IMPACT IF NOT PROVIDED

If this project is not provided, the above mentioned savings in heating and cooling energy and coste will
continue to be wasted. There will be no contribution to the energy reduction goals established at the facility.
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Life Cycle Cost Analysis

Energy Conservation Investment Program (ECIP)

Installation & Location: WSMR
Census Region: 4
Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
1997 Discrete Portion:

Region data:

cal Year:

lysis Date: 08/20/96 Economic Life:

NEW

Study: HELSTF.LC

PROJECT 3
20 vyears

Prepared by: Michael W. Elliott, P.E., CEM

1. Investment

SIOH
Design

QHEY QWP

Cost

Construction Cost

(1D

ECIP Summary Report

Total Cost (1A+1B+1C)
Salvage Value of Existing Equip.
Public Utility Company Rebate
Total Investment

-1E-1F)

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

630818
31444
32361

$694,623
$0
SO
$694,623

Fuel Price |Price Usage Usage Annual Discount
Units [Savings |Units Savings Factor
Electricity $25. | /Mbtus 3,297 |Mbtus $82,293 14 .47
Elec. Deman S0 13.47
Distillate $.|/Mbtus 0 |[Mbtus S0 17.01
sidual Oi $.|/Mbtus 0 {Mbtus $0 17.23
‘tural Gas $.|/Mbtus 0 [Mbtus S0 17.32
cwal $.|/Mbtus 0 {Mbtus S0 14 .04
LPG $6.5|/Mbtus -906 [Mbtus -85,853 15.64
Solar $.|/Mbtus 0 |Mbtus $0 13.47
Geothermal $.|/Mbtus 0 [Mbtus $0 13.47
Biomass $.|/Mbtus 0 [Mbtus $0 13.47
Refuse $.|/Mbtus 0 [Mbtus S0 13.47
Wind $.|/Mbtus 0 |Mbtus ¢ 13.47
Other $7.|/Mbtus 296 |Mbtus $2,069 13.47
TOTAL 2,687 |Mbtus $78,509
3. Non Energy Savings (+) / Costs (-)
Item Savings/ Year |Discount Discounted
Cost Factor Savings/Cost
ANNUAL TOTAL S0 S0
ONE TIME TOTAL S0 S0
TOTAL $0 $0
4. First Year Dollar Savings $78,509
5. Simple Payback Period (Years) 8.85
6. Total Net Discounted Savings $1,127,114
. Savings to Investment Ratio 1.62
‘ b'f < 1, Project does not qualify
| Adjusted Internal Rate of Return 6.65%

LCCID FY96

Discounted
Savings

$1,190,781
$0

$0

$0

$0

S0
-$91,537
30

SO

$0

$0

$0

$27,870
$1,127,114
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Life Cycle Cost Analysis Study: HELSTF.LC

Energy Conservation Investment Program (ECIP) LCCID FY96
Installation & Location: WSMR
Region data: NEW Census Region: 4

Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
al Year: 1997 Discrete Portion: ECO-F
lysis Date: 08/16/96 Economic Life: 20 vyears

Prepared by: MICHAEL W. ELLIOTT, P.E., CEM

ECIP Summary Report

1. Investment

A. Construction Cost 377038
B. SICH 18794
C. Design Cost 19342
D. Total Cost (1A+1B+1C) $415,174
E. Salvage Value of Existing Equip. S0
F. Public Utility Company Rebate S0
G. Total Investment (1D-1E-1F) $415,174

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |Price Usage Usage Annual Discount |Discounted
Units |Savings |Units Savings Factor Savings

Electricity $25. | /Mbtus 2,324 |Mbtus $58, 007 14 .47 $839,362
Elec. Deman S0 13.47 S0
Distillate S.|/Mbtus 0 [Mbtus SO 17.01 ¢
sidual Oi $.|/Mbtus 0 {Mbtus $0 17.23 S0
b‘iural Gas $.|/Mbtus 0 |Mbtus S0 17.32 $0
cwal $.|/Mbtus 0 |Mbtus $0 14.04 $0
LPG $6.5|/Mbtus -906 |Mbtus -85,853 15.64 -$91,537
Solar $.|/Mbtus 0 |[Mbtus $0 13.47 S0
Geothermal $.|/Mbtus 0 |Mbtus S0 13.47 $0
Biomass $.|/Mbtus 0 {Mbtus S0 13.47 S0
Refuse $. | /Mbtus 0 [Mbtus S0 13.47 S0
Wind $.|/Mbtus 0 |Mbtus S0 13.47 SO
Other $7.|/Mbtus 0 [Mbtus $0 13.47 $0
TOTAL 1,418 |Mbtus $52,154 $747,825

Item Savings/ Year Discount Discounted
Cost Factor Savings/Cost
ANNUAL TOTAL S0 S0
Exist. Chlr. R $30,800 1 .96 $29,587
R-11 Pump Down -84,000 1 .96 -53,842
ONE TIME TOTAL $26,800 $25, 744
TOTAL $26,800 525,744
4. First Year Dollar Savings $53,494
5. Simple Payback Period (Years) 7.77
Total Net Discounted Savings S773,569
Javings to Investment Ratio 1.86
If < 1, Project does not qualify

8. Adjusted Internal Rate of Return 7.39%
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Life Cycle Cost Analysis
Energy Conservation Investment Program
Installation & Location: WSMR
Region data: NEW Census Region: 4

Study: HELSTF.LC

(ECIP) LCCID FY96

Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
cal Year: 1997 Discrete Portion: ECO-G
lysis Date: 08/20/96 Economic Life: 20 vyears

P.epared by: Michael W. Elliott, P.E., CEM
ECIP Summary Report

1. Investment

A. Construction Cost $226,028
B. SIOCH $11,267
C. Design Cost $11,595
D. Total Cost (1A+1B+1C) $248,890
E. Salvage Value of Existing Equip. 0
F. Public Utility Company Rebate S0
G. Total Investment (1D-1E-1F) $248,890
2. Energy Savings (+) / Costs (-)

Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |Price Usage Usage Annual Discount |Discounted
Units |Savings |Units Savings Factor Savings
Electricity $25. | /Mbtus 904 |Mbtus $22,564 14 .47 $326,499
Elec. Deman SO 13.47 S0
Distillate $.|/Mbtus 0 [Mbtus $0 17.01 S0
esidual 0Oi $. | /Mbtus 0 | Mbtus $0 17.23 30
6tural Gas $.|/Mbtus 0 [Mbtus $0 17.32 S0
al $.|/Mbtus 0 |[Mbtus $0 14.04 $0
LPG $6.5|/Mbtus 0 |Mbtus S0 15.64 $0
Solar $.|/Mbtus 0 |Mbtus $0 13.47 $0
Geothermal $.|/Mbtus 0 |Mbtus $0 13.47 $0
Biomass $.|/Mbtus 0 [Mbtus $0 13.47 $0
Refuse $.|/Mbtus 0 |Mbtus $0 13.47 $0
Wind $.|/Mbtus 0 [Mbtus S0 13.47 $0
Other $7.|/Mbtus 0 |Mbtus S0 13.47 $0
TOTAL 904 |Mbtus $22,564 $326,499
3. Non Energy Savings (+) / Costs (-)
Item Savings/ Year Discount Discounted
Cost Factor [Savings/Cost
ANNUAL TOTAL $0 S0
Exist. C| $70,000 1 96 $67,243
R-11 Pum -$2,800 1 .96 -$2,690
ONE TIME TOTAL $67,200 $64,553
TOTAL $67,200 $64,553
4. First Year Dollar Savings $25,924
5. Simple Payback Period (Years) 9.65
Total Net Discounted Savings $391,052
‘ javings to Investment Ratio 1.57
+f < 1, Project does not qualify
8. Adjusted Internal Rate of Return 6.48%
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Life Cycle Cost Analysis
Energy Conservation Investment Program (ECIP)
Installation & Location: WSMR
Region data: NEW Census Region: 4
Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
al Year: 1997 Discrete Portion: ECO-H
ysis Date: 08/16/96 Economic Life: 20
Prepared by: MICHAEL W. ELLIOTT, P.E., CEM

Study: HELSTF.LC

LCCID FY96

years

ECIP Summary Report

1. Investment

A. Construction Cost 27752
B. SIOH 1383
C. Design Cost 1424
D. Total Cost (1A+1B+1C) $30,559
E. Salvage Value of Existing Equip. S0
F. Public Utility Company Rebate $0
G. Total Investment (1D-1E-1F) $30,559
2. Energy Savings (+) / Costs (-)

Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |Price Usage Usage Annual Discount |Discounted
Units |Savings |Units Savings Factor Savings
Electricity $25. | /Mbtus 69 |Mbtus $1,722 14 .47 $24,921
Elec. Deman S0 13.47 S0
Distillate $.|/Mbtus 0 |Mbtus 4] 17.01 S0
sidual Oi $.|/Mbtus 0 [Mbtus $0 17.23 $0
Etural Gas $S.|/Mbtus 0 |Mbtus $0 17.32 $0
voal $.|/Mbtus 0 |Mbtus S0 14.04 4]
LPG $6.5| /Mbtus 0 {Mbtus S0 15.64 S0
Solar $.|/Mbtus 0 [Mbtus S0 13.47 $0
Geothermal $.|/Mbtus 0 |[Mbtus $0 13.47 S0
Biomass $.|/Mbtus 0 [Mbtus S0 13.47 S0
Refuse $.|/Mbtus 0 [Mbtus 50 13.47 50
Wind $.|/Mbtus 0 |Mbtus S0 13.47 $0
Other $7.|/Mbtus 296 |Mbtus $2,069 13.47 $27,870
TOTAL 365 |Mbtus $3,791 $52,791
3. Non Energy Savings (+) / Costs (-)
Item Savings/ Year Discount Discounted
Cost Factor Savings/Cost
ANNUAL TOTAL $0 S0
ONE TIME TOTAL S0 S0
TOTAL S0 S0
4. First Year Dollar Savings $3,791
5. Simple Payback Period (Years) 8.06
6. Total Net Discounted Savings $52,791
7. Savings to Investment Ratio 1.73
f < 1, Project does not qualify
Adjusted Internal Rate of Return 6.98%
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APPENDIX A
ENERGY COST ANALYSIS

Electrical Energy Cost Analysis

Electric Rate Schedule: White Sands Missile Range (WSMR), including all of its tenants, is supplied
electrical power by the El Paso Electric Company (EPEC). The EPEC bills the base for it’s entire
demand and usage, even though some of the tenants such as HELSTF are separately metered.
WSMR, in turn, bills each of the tenants according to a blended (melded) rate. For HELSTF, the rate
is $0.0821/KWH. This rate appears approximately twice as much as the rates of $19.00/KW and
$0.008/KWH charged WSMR from the EPEC. A portion of this cost includes transmission and
administrative costs, but HELSTF should research the possibility of being billed directly from the
EPEC, especially since 80% of the consumption for the facility is already metered (LSTC Building).

Avoided Costs: In order to convert electric demand and energy savings into dollar savings, the
avoided costs of demand and energy are determined. These are the marginal cost savings to be
realized by the facility, per unit of demand or energy saved. Using the above billing information, the
Avoided Cost of Energy (C;) is determined as follows:

KWH 1,000,000 BTU _ $

Y 3413 BTU © ~ MMBTU MMBTU

Cp = (E)

where,
E = melded rate energy charge = $0.0821/KWH

1,000,000 _ $24.06
3413 MMBTU

C, = (0.0821) x

Rebate Program: The EPEC may offer cash incentives for some energy conservation retrofits in the
future, but specific rebates were not available at the time of this study. The facility should consult
EPEC for information on possible future rebate opportunities, prior to the implementation of the
ECOs.

Diesel-and Propane Fuel Cost Analysis

The WSMR is currently supplied diesel and propane fuel by local suppliers at individual storage tanks
throughout the range, including those used by the HELSTF facility. These fuel suppliers bill the
Army for fuel deliveries, and the Army passes on the cost to HELSTF for the fuel that they use. There
is no cost markup by the Army on diesel and propane fuel. The current billing rate for diesel and
propane fuel is as follows:

Diesel Fuel Rate: $0.970/gallon

Propane Fuel Rate: $0.676/gallon
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Using these rates, the Avoided Cost of Diesel (Cp) and the Avoided Cost of Propane (C,) which are
used in all life cycle cost analysis calculations in this study are as follows:

U
_ 80970 (5.825 gallon’_ _$5.65
P gallon © “MMBTU / MMBTU

¥

i
_ $0.676 X 9.55 gallon _ $6.46 e { L,
P gallon = MMBTU  MMBTU

= ~
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=
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ENERGY CONSERVATION OPPORTUNITY (ECO)

ECO NO: A
DATE: 5/6/96
ECO TITLE: Install Electronic Ballasts and Energy Savings Fluorescent Lamps, Compact
Fluorescent Lamps in Incandescent Fixtures, and Upgrade Exit Lights with
LED Kits
INSTALLATION: HELSTF
LOCATION: White Sands Missile Range, New Mexico
A. Summary:
Electrical Energy Savings 2,016 MMBTU/yr
Diesel Energy Savings -31 MMBTU/yr
Total Energy Savings 1,985 MMBTU/yr
Total Cost Savings 50,103 $/yr
Total Investment 179,176 $
Simple Payback 3.58 yrs
SIR 4.05
B. ECO Description:

Replace all of the existing magnetic ballasts and the T12 lamps in all 4’ fluorescent light fixtures
with new electronic ballasts and T8 lamps. This will require the replacement of existing lamp
sockets with new sockets designed for the T8 lamps. The existing F40T12 lamps (40 watts) should
be replaced with F32T8 lamps (32 watts). There is a total of 1,796 ballasts to be retrofitted, and
3,533 lamps to be retrofitted.

Replace all incandescent lamps in existing fixtures with new compact fluorescent lamps. This will
require an electronic ballast adaptor base which screws into the existing lamp socket of the fixture.
The existing 100 watt to 200 watt incandescent lamps should be replaced with CF26DD lamps (26
watts). There is a total of 37 fixtures to be retrofitted.

Replace all incandescent lamps in existing exit lights with new LED retrofit kits. The kits connect
to the existing incandescent lamp sockets. The 20 watt lamps (2 in each exit light) should be
replaced with LED light strips (1.8 watts). There is a total of 37 exit lights to be retrofitted.

This ECO will require a design specification of the new equipment and scope of work, as well as
the replacement of fluorescent ballasts and lamps.

Discussion:

The existing 4' fluorescent fixtures in the LSTC and TC-1 buildings currently use 4' 40 watt
standard T12 lamps. The newer technology T8 lamps can produce an equivalent or higher lJumen
output, with a lower power input. Also, all of the existing fixtures have standard magnetic
ballasts. Due to the advanced technology of electronic ballasts over magnetic ballast technology,
each light fixture retrofit will only require one electronic ballast. In the past, three lamp and four
lamp fixtures required two, magnetic ballasts since magnetic ballasts were only available in one
lamp and two lamp versions. Electronic ballasts are available in one lamp, two lamp, three lamp,
and four lamp versions. The advanced technology electronic ballasts operate on a higher
frequency than the magnetic type, and are therefore more efficient, requiring less input power.

B-1



The existing incandescent light fixtures in the LSTC and TC-1 buildings currently use standard
100, 150 and 200 watt incandescent lamps. The newer technology compact fluorescent lamps can
produce an equivalent or higher lumen output, with a lower power input.

The existing exit lights in the LSTC and TC-1 buildings use two 20 watt incandescent lamps each.
The newer technology LED lamps can produce an equivalent lumen output across the face of the
exit sign, with a lower power input.

Since this retrofit will reduce the building lighting load, there will be a savings in HVAC cooling
energy, and a penalty in heating energy.

Savings Calculations:

The monthly peak demand and energy consumption of the existing lighting systems were calculated
using the Trace 600 computer program.! LSTC and TC-1 existing lighting systems were modeled
by the computer to provide a realistic energy usage profile. Field data obtained from the buildings
were used to create these computer building models.”

The monthly peak demand and energy consumption of the proposed lighting systems were
calculated using the Trace 600 computer program. LSTC and TC-1 proposed lighting systems
were input and modeled by the computer to provide a new energy usage profile. Equipment lists
of the proposed lighting systems, used to create these computer building models, are shown on
pages B-3 to B-27.

Once the computer simulations were completed, the total annual demand costs and energy
consumptions of the existing and proposed lighting systems were compared to determine the annual
savings from this ECO. These savings calculations are shown on pages B-28 to B-31.

Cost Estimate

The total implementation costs for this ECO were estimated on page B-32. Manufacturers data on
retrofit products which were used to produce this estimate can be found in Appendix E (Volume
II, Tab 5).

Life Cycle Cost Analysis.

A life cycle cost analysis was performed on this ECO using the Life Cycle Cost In Design (LCCID)
computer program, and data from the previously mentioned calculations. The summary sheet for

the life cycle cost analysis is shown on page B-33. The “Other” fuel type shown in Section # 2 is for
diesel fuel consumption. The results of the analysis are listed in the summary on page B-1.

REFERENCES

See Appendix G, (Volume I, Tab 7) for computer model input assumptions and data, and energy consumption output data.

See Appendix F (Volume I, Tab 6) for building field data and existing lighting system data.
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ECO-A

ANNUAL | ANNUAL
ITEM LSTC BUILDING, EXISTING LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE : USAGE
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lighting Systems 151.4 | 151.4 | 1514 | 1514 | 1514 | 151.4 | 151.4| 151.4| 1514 | 1514 | 151.4 | 151.4 | 1,188,832
Chiller CH-1 88.1 88.1 88.1 88.1 88.1 88.1] 88.1] 88.1 88.1 88.1 88.1 88.1] 771,420
Chiller CH-3 549 628] 66.2] 723 797 90.9] 98.4] 963] 863 725 61.8] 59.5| 514776
Twr. Fan CT-1A 2.0 2.1 2.2 4.3 8.1 125 125] 125 125 5.7 21 2.0 29,539
Twr. Fan CT-1B 6.5 7.3 7.5 9.1 10.8 10.8| 10.8] 10.8 10.8 9.7 6.9 7.0 64,841
HW pump P-5 16.6 16.6 16.6 16.6 16.6 16.6| 16.6] 16.6 16.6 16.6 16.6 16.6 145,416
CHW Pump P-7 39.3] 39.3] 393} 39.3] 39.3] 393} 39.3] 39.3] 39.3] 39.3] 39.3] 39.3] 344,268
CND Pump 10A 27.5| 27.5| 275 275] 275 275\ 275} 275} 27.5| 275| 27.5] 27.5| 240,900
CND Pump 10B 18.3 18.3 18.3 18.3 18.3 18.3] 18.3] 183 18.3| 183 18.3 18.3] 160,308
Fan EF-1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 10,512
Fan EF-2 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 23,652
Fan AH1 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 56,940
Fan AH2 10.2 10.2 10.2 10.2 10.2 10.2] 102 10.2 10.2 10.2 10.2 10.2 89,352
Fan AH3 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 56,940
Fan AH5 17.3 17.3 17.3 17.3 17.3 17.3| 17.3] 173 17.3] 173 17.3 17.3] 151,548
Fan AH6 13.9 13.9 13.9 13.9 13.9 13.9] 13.9] 13.9 13.9 13.9 13.9 13.9] 121,764
Fan AH7 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 64,824
Fan AHS1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 29,779
Fan AHS4 22.7 22.7 22.7 227 22.7 2271 227 227 22.7 22.7 22.7 22.7 198,852
Fan AH-8 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-9 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Fan AH-10 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 15,768
Fan AH-11A 3.7 3.7 3.7 3.7 37 3.7 3.7 3.7 3.7 3.7 3.7 3.7 32,412
Fan AH-11B 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 47 4.7 47 4.7 41,172
Fan AH-12 3.3 3.3 3.3 3.3 3.3 3.3 33 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-14 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Totals 525.0] 533.8] 537.5| 547.3} 560.2] 575.8| 583.3] 581.2] 571.2| 549.5] 532.4] 530.1} 4,509,743
Total Energy 15,392 MMBTU/yr (electric)
Total Energy MMBTU/yr (diesel)
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ECO-A

ANNUAL | ANNUAL
TEM LSTC BUILDING, PROPOSED LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE USAGE
(KWH) | (THERM) '
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec ‘
Lighting Systems 94.8 948 | 948 | 948 | 948 | 948 | 948 | 948 | 948 | 9438 94.8 | 94.8 | 744,034
Chiller CH-1 88.1 88.1 88.1 88.1 88.1 88.1 | 88.1 | 88.1 | 88.1 88.1 88.1 88.1 | 771,420
Chiller CH-3 48.4 577 | 627 | 686 | 753 | 867 | 940 | 920 | 816 | 689 | 576 | 555 | 480,549
Twr. Fan CT-1A 0.6 0.8 1.0 3.2 7.4 125 | 125 | 125 | 125 4.8 0.7 0.6 26,565
Twr. Fan CT-1B 5.4 6.9 7.1 8.8 10.8 10.8 | 10.8 | 108 | 10.8 9.4 6.4 6.5 61,165
HW pump P-5 16.6 16.6 16.6 16.6 16.6 16.6 | 16.6 | 166 | 16.6 16.6 16.6 16.6 | 145416
CHW Pump P-7 39.3 393 | 39.3 | 393 | 393 | 393 | 393 | 39.3 | 39.3 | 393 | 393 | 39.3 | 344,268
CND Pump 10A 27.5 275 | 275 | 275 | 275 | 275 | 275 | 275 | 275 | 275 | 275 | 27.5 | 240,900
CND Pump 10B 18.3 18.3 18.3 18.3 18.3 18.3 18.3 | 18.3 18.3 18.3 18.3 18.3 160,308
Fan EF-1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 10,512
Fan EF-2 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 23,652
Fan AH1 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 56,940
Fan AH2 10.2 10.2 10.2 10.2 10.2 10.2 | 102 | 10.2 | 102 10.2 10.2 10.2 89,352
Fan AH3 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 56,940
Fan AH5 17.3 17.3 17.3 17.3 17.3 173 | 173 { 173 | 17.3 | 173 17.3 17.3 | 151,548
Fan AH6 13.9 13.9 13.9 13.9 13.9 139 | 139 | 139 | 139 | 13.9 13.9 13.9 | 121,764
Fan AH7 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 64,824
Fan AHS1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 29,779
Fan AHS4 22.7 22.7 22.7 22.7 22.7 22.7 227 | 22.7 22.7 22.7 22.7 227 198,852
Fan AH-8 3.3 3.3 3.3 3.3 33 33 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-9 5.6 5.6 5.6 5.6 5.6 56 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Fan AH-10 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 15,768
Fan AH-11A 3.7 3.7 3.7 3.7 3.7 37 3.7 3.7 3.7 3.7 3.7 3.7 32,412
Fan AH-11B 4.7 4.7 4.7 4.7 47 a7 4.7 4.7 4.7 47 4.7 4.7 41,172
Fan AH-12 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-14 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Total (KW) 459.4] 470.4] 475.8| 4856| 498.5] 5150| 522.3| 520.3| 509.9f 488.1] 469.7| 467.6| 4,024,068
Energy Savings 1,658 MMBTU/yr (electric)
Energy Savings MMBTU/yr (diesel)
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ECO-A

ANNUAL | ANNUAL
TEM TC-1 & TC-2 BUILDINGS, EXISTING LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lighting Systems 58.3 58.3] 58.3] 58.3] 583| 58.3| 583| 583 58.3 58.3 58.3] 583} 471,139
Chiller CH-51 47.4 504| 56.3] 66.0f 76.7] 893 953 91.3 76.7] 64.9 50.4| 48.6] 486,281
Chiller CH-52
Twr. Fan CT-51A 2.7 2.9 3.1 4.2 5.3 5.3 5.3 5.3 5.3 4.5 2.8 2.7 30,475
Twr. Fan CT-51B
CHW Pump P-51 27.3 27.3 27.3 27.3 27.3 273 27.3] 273 27.3 27.3 27.3 27.3 239,148
CHW Pump P-52
CND Pump P-60 13.2 13.2 13.2 13.2 13.2 13.2] 13.2| 13.2 13.2 13.2 13.2 13.2| 115,632
CND Pump P-61
CND Pump P-65 223 223| 223] 223| 223| 223| 223] 223 223 223 22.3| 223} 195,348
CND Pump P-66
Boiler B-51 18,771
Boiler B-52
HW pump P-70 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 23,652
HW pump P-71
HW pump P-63 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 56,064
HW pump P-64
Fan AH-1 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 76,212
Fan AH-2 2.1 2.1 2.1 2.1 2.1 2.1 2.1 21 2.1 2.1 2.1 2.1 18,396
Fan AH-3 10.3 10.3 10.3 10.3 10.3 10.3] 10.3] 10.3 10.3 10.3 10.3 10.3 90,228
Fan AH-4 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 42,924
Fan AH-5 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 35,916
Fan AH-51 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 42,924
Fan AH-52 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 14,892
Fan AH-53 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 75,336
Fan AH-54 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 38,544
Fan AH-55 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 41 4.1 4.1 4.1 35,916
Totals 234.1| 237.3] 243.4| 2542 266.0] 278.6| 284.6] 280.6] 266.0| 253.4] 237.2| 235.3] 2,089,027 18,771
Total Energy 7,130 MMBTU/yr (electric)
Total Energy 1,877 MMBTU/yr (diesel)
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ECO-A

ANNUAL | ANNUAL
TEM TC-1 & TC-2 BUILDINGS, PROPOSED LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE !
(KWH) | (THERM) !
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec :
Lighting Systems 43.4] 43.4| 434 43.4| 434 434| 43.4] 434] 434] 434 434| 43.4] 380,044
Chiller CH-51 46.6 49.2 54.7 64.5 74.9 87.3] 93.5| 891 74.8 63.3 48.9 47.4) 473214
Chiller CH-52
Twr. Fan CT-51A 2.6 2.8 3.0 4.2 5.3 5.3 5.3 5.3 5.3 4.4 2.7 2.6 29,700
Twr. Fan CT-51B
CHW Pump P-51 27.3 27.3 27.3 27.3 27.3 27.3] 27.3| 27.3 27.3 27.3 27.3 27.3] 239,148
CHW Pump P-52
CND Pump P-60 13.2 13.2 13.2 13.2 13.2 13.2| 13.2) 13.2] 13.2 13.2 13.2 13.2] 115,632
CND Pump P-61
CND Pump P-65 22.3] 223| 223] 223] 223} 223} 223| 223| 223] 223] 223 223] 195348
CND Pump P-66
Boiler B-51 19,084
Boiler B-52
HW pump P-70 2.7 2.7 2.7 2.7 2.7 2.7 27 2.7 2.7 2.7 2.7 2.7 23,652
HW pump P-71
HW pump P-63 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 56,064
HW pump P-64
Fan AH-1 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 76,212
Fan AH-2 2.1 2.1 21 2.1 2.1 2.1 2.1 21 2.1 2.1 2.1 21 18,396
Fan AH-3 10.3] 10.3 10.3 10.3 10.3 10.3] 10.3] 10.3] 103 103 10.3 10.3 90,228
Fan AH-4 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 42,924
Fan AH-5 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 41 4.1 4.1 4.1 35,916
Fan AH-51 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 42,924
Fan AH-52 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 14,892
Fan AH-53 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 75,336
Fan AH-54 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 38,544
Fan AH-55 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 35,916
Total (KW) 218.3| 221.1| 226.8] 237.8| 249.3] 261.7| 267.9] 263.5] 249.2| 236.8] 220.7] 219.1} 1,984,090 19,084
Energy Savings 358 MMBTU/yr (electric)
Energy Savings -31 MMBTU/yr (diesel)
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Life Cycle Cost Analysis

Energy Conservation Investment Program (ECIP)
Installation & Location: WSMR

Region data: NEW MEXICO Census Region: 4
Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
'al Year: 1996 Discrete Portion: ECO-A
: ysis Date: 07/24/96 Economic Life: 20
Prepared by: JOHN CARTER

Study: HELSTF.LC

LCCID FY96

years

ECIP Summary Report

1. Investment

A. Construction Cost $162,718
B. SIOH $8,111
C. Design Cost $8,347
D. Total Cost (1A+1B+1C) $179,176
E. Salvage Value of Existing Equip. $0
F. Public Utility Company Rebate $0
G. Total Investment (1D-1E-1F) $179,176

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |Price Usage Usage Annual Discount |Discounted
Units |Savings [Units Savings Factor Savings
Electricity $25. | /Mbtus 2,016 |{Mbtus $50,319 14.47 $728,121
Elec. Deman SO 13.47 S0
Distillate $.|/Mbtus 0 |[Mbtus $0 17.01 $0
sidual Oi $. | /Mbtus 0 |Mbtus $0 17.23 $0
iural Gas S.|/Mbtus 0 [Mbtus $0 17.32 $0
c-al $.|/Mbtus 0 |Mbtus S0 14.04 S0
LPG $6.5|/Mbtus 0 |Mbtus S0 15.64 $0
Solar $.|/Mbtus 0 [Mbtus $0 13.47 $0
Geothermal $.|/Mbtus 0 [Mbtus $0 13.47 S0
Biomass $. | /Mbtus 0 [Mbtus S0 13.47 $0
Refuse $.|/Mbtus 0 [Mbtus $0 13.47 $0
wWind $.|/Mbtus 0 [Mbtus $0 13.47 $0
Other $7.|/Mbtus -31|Mbtus -$217 13.47 -$2,919
TOTAL 1,985 |Mbtus $50,103 $725,202
3. Non Energy Savings (+) / Costs (-)
Item Savings/ Year Discount Discounted
Cost Factor Savings/Cost
ANNUAIL TOTAL S0 S0
ONE TIME TOTAL S0 SO
TOTAL s0 S0
4. First Year Dollar Savings $50,103
5. Simple Payback Period (Years) 3.58
6. Total Net Discounted Savings $725,202
7. Savings to Investment Ratio 4.05
’f < 1, Project does not qualify
ldjusted Internal Rate of Return 11.64%



ENERGY CONSERVATION OPPORTUNITY (ECO)

ECO NO: B
DATE: 5/6/96
ECO TITLE: Provide Motion Sensor Controls For Lights
INSTALLATION: HELSTF
LOCATION: White Sands Missile Range, New Mexico
A. Summary:
Electrical Energy Savings 1,454 MMBTU/yr
Diesel Energy Savings -25 MMBTU/yr
Total Energy Savings 1,429 MMBTU/yr
Total Cost Savings 36,117 $/yr
Total Investment 66,787 $
Simple Payback 1.85 yrs
SIR 7.83
B. ECO Description:

Install 201 ceiling mounted motion sensors in various areas of the LSTC and TC-1 buildings.
Recircuit the area light fixtures to allow the new sensors to turn off the lights during unoccupied
periods. The sensors shall be the ceiling mounted type and shall generally cover 2,000 sqft of area
in a 360° pattern. This ECO will require design of the lighting control system, installation of the
sensors and recircuiting of the existing lights.

Discussion:

Some of the areas of the LSTC and TC-1 buildings are unoccupied large portions of the work day.
These areas typically have 4' fluorescent lighting which is left on during these unoccupied periods.
Typical areas considered by this ECO are mechanical / electrical equipment rooms, storage rooms,
restrooms, offices, conference rooms, computer centers and other miscellaneous areas.

Motion sensors should be installed on the ceilings of these areas to sense the unoccupied periods,
turn off the lights and save the unneeded lighting energy. Since these areas have shelving and
other partitions throughout, careful consideration should be given to the type of sensor to be used.
It is conservatively estimated that 50% of the work day, these areas are unoccupied. This estimate
is based on field observations made during the site visit. Since this retrofit will reduce the building
lighting load, there will be a savings in HVAC cooling energy, and a penalty in heating energy.

Savings Calculations:

The monthly peak demand and energy consumption of the lighting and HVAC systems were
calculated using the Trace 600 computer program.' LSTC and TC-1 lighting systems proposed
in ECO A were modeled as initial conditions, in order to take into account the previously derived
savings. Field data obtained from the buildings was used to create these computer building
models.”

The monthly peak demand and energy consumption of the ECO B proposed lighting systems were

calculated using the Trace 600 computer program. Equipment lists of the proposed lighting system
used to create these computer building models are shown on pages B-36 to B-60.
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Once the computer simulations were completed, the total annual demand costs and energy
consumptions of the initial and proposed lighting systems were compared to determine the annual
savings from this ECO. These savings calculations are shown on pages B-61 to B-64.

Cost Estimate:

The total implementation costs for this ECO were estimated on page B-65. Manufacturers data on
sample sensor equipment used to estimate costs is provided in Appendix E (Volume II, Tab 5).

Life Cycle Cost Analysis.

A life cycle cost analysis was performed on this ECO using the program LCCID and data from the
above calculations. The summary sheet for the life cycle cost analysis is shown on page B-66.
The “Other” fuel type shown in Section # 2 is for diesel fuel consumption. The results of the
analysis are listed in the project summary on page B-34.

REFERENCES

See Appendix G (Volume II, Tab 7) for computer mode! input assumptions and data, and energy consumption output data.

See Appendix F (Volume II, Tab 6) for building field data and existing lighting system data.
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ECO-B ANNUAL | ANNUAL
[TEM LSTC BUILDING, ECO-A LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lighting Systems 948 948 948 948 948 948 948 948] 948 94.8| 94.8] 94.8] 744,034
Chiller CH-1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1| 771,420
Chiller CH-3 48.4 57.7 62.7 68.6 75.3 86.7 94.0 92.0 81.6 68.9 57.6 55.5| 480,549
Twr. Fan CT-1A 0.6 0.8 1.0 3.2 7.4 125 125] 125] 125 4.8 0.7 0.6 26,565
Twr. Fan CT-1B 5.4 6.9 7.1 8.8/ 108| 10.8} 10.8] 10.8 10.8 9.4 6.4 6.5 61,165
HW pump P-5 16.6f 16.6 166f 166 166 166| 166 166] 166 16.6] 166} 16.6/ 145416
CHW Pump P-7 39.3] 39.3] 39.3] 393 393 39.3] 39.3] 393 39.3] 393] 39.3] 39.3] 344,268
CND Pump 10A 275 275 275| 275 275 275 275 275 275 27.5| 275 27.5] 240,900
CND Pump 10B 18.3] 183 18.3 18.3] 183| 183} 183 18.3}] 183} 183} 183] 18.3] 160,308
Fan EF-1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 10,512
Fan EF-2 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 23,652
Fan AH1 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 56,940
Fan AH2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 89,352
Fan AH3 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 56,940
Fan AH5 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3] 151,548
Fan AH6 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9] 121,764
Fan AH7 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 64,824
Fan AHS1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 29,779
Fan AHS4 22.7 22.7 227\ 227 227 22.7 22.7 22.7 22.7 22.7 22.7 227\ 198,852
Fan AH-8 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
-{Fan AH-9 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Fan AH-10 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 156,768
Fan AH-11A 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 37 3.7 3.7 3.7 32,412
Fan AH-11B 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 41,172
Fan AH-12 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 33 3.3 28,908
Fan AH-14 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Totals 450.4| 470.4] 475.8| 485.6| 498.5] 515.0f 522.3] 520.3] 509.9] 488.1] 469.7| 467.6| 4,024,068
Total Energy 13,734 MMBTU/yr (electric)
Total Energy MMBTU/yr (diesel)
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ECO-B ANNUAL | ANNUAL -
. ITEM LSTC BUILDING, PROPOSED LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE .
(KWH) | (THERM) :
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec .
Lighting Systems 048] 948 948] 948 948| 948] 948 948] 948] 948 94.8] 948/ 376,570
Chifler CH-1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1| 771,420
Chiller CH-3 47.6| 543| 6271 686 753 867 940f 920} 816| 689] 57.6] 52.0] 453528
Twr. Fan CT-1A 0.6 0.8 1.0 3.2 7.4 12.5 12.5 12.5 12.5 4.8 0.7 0.6 25,060
Twr. Fan CT-1B 5.3 6.2 7.1 8.8 10.8] 10.8| 10.8 10.8 10.8 9.4 6.4 6.0 58,066
HW pump P-5 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6] 145,416
CHW Pump P-7 39.3] 39.3] 39.3] 393 39.3] 393] 39.3] 39.3] 393 39.3] 39.3] 39.3] 344,268
CND Pump 10A 27.5 27.5 27.5 275 27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.5| 240,900
CND Pump 10B 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3] 160,308
Fan EF-1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 10,512
Fan EF-2 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 23,652
Fan AH1 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 56,940
Fan AH2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 89,352
Fan AH3 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 56,940
Fan AH5 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3] 151,548
Fan AH6 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9] 121,764
Fan AH7 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 64,824
Fan AHS1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 29,779
Fan AHS4 227 227 22.7 227 22.7 22.7 22.7 22.7 22.7 22.7 22.7 22.7) 198,852
Fan AH-8 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
‘ “|Fan AH-9 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Fan AH-10 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 15,768
Fan AH-11A 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 32,412
Fan AH-11B 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 41,172
Fan AH-12 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-14 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Total (KW) 458.5] 466.3| 475.8] 485.6] 498.5| 515.0f 522.3] 520.3] 509.9| 488.1] 469.7| 463.6 3,624,979
Energy Savings 1,362 MMBTU/yr (electric)
Energy Savings MMBTU/yr (diesel)
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ECO-B ANNUAL | ANNUAL
ITEM TC-1 & TC-2 BUILDINGS, ECO-A LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lighting Systems 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4| 380,044
Chiller CH-51 46.6] 49.2| 54.7] 645 74.9] 873 935 89.1 74.8] 63.3] 48.9| 47.4| 473214
Chiller CH-52
Twr. Fan CT-51A 26 2.8 3.0 4.2 5.3 5.3 5.3 5.3 5.3 4.4 2.7 2.6 29,700
Twr. Fan CT-518
CHW Pump P-51 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3] 239,148
CHW Pump P-52
CND Pump P-60 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2| 115,632
CND Pump P-61
CND Pump P-65 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3] 195,348
CND Pump P-66
Boiler B-51 19,084
Boiler B-52
HW pump P-70 2.7 2.7 2.7 27 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 23,652
HW pump P-71
HW pump P-63 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 56,064
HW pump P-64
Fan AH-1 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 76,212
Fan AH-2 2.1 2.1 2.1 2.1 2.1 2.1 2.1 21 2.1 2.1 2.1 2.1 18,396
Fan AH-3 103 103} 103f{ 10.3] 10.3] 103} 10.3] 10.3] 103] 10.3] 10.3] 10.3 90,228
"; Fan AH-4 4.9 4.9 49 4.9 4.9 4.9 49 4.9 4.9 4.9 4.9 4.9 42,924
Fan AH-5 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 35,916
Fan AH-51 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 49 4.9 49 4.9 42,924
Fan AH-52 1.7 17 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 14,892
Fan AH-53 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 75,336
Fan AH-54 4.4 4.4 4.4 4.4 4.4 4.4 44 4.4 4.4 4.4 44 44| 38544
Fan AH-55 4.1 4.1 4.1 4.1 41 4.1 4.1 4.1 41 4.1 4.1 41| 350916
Totals 218.3| 221.1| 226.8| 237.8| 249.3] 261.7| 267.9] 263.5| 249.2| 236.8] 220.7| 219.1] 1,984,090 19,084
Total Energy 6,772 MMBTU/yr (electric)
Total Energy 1,908 MMBTU/yr (diesel)
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ECO-B

ANNUAL |

TEM TC-1 & TC-2 BUILDINGS, PROPOSED LIGHTING & HVAC SYSTEMS ésg:éb DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE ;
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec )
Lighting Systems 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4] 356,670
Chiller CH-51 46.6] 492 547 645 749| 87.3] 93.5] 89.1 74.8| 63.3] 48.9] 47.4| 469,708
Chiller CH-52
Twr. Fan CT-51A 2.6 2.8 3.0 4.2 5.3 5.3 5.3 5.3 5.3 4.4 2.7 2.6 29,520
Twr. Fan CT-51B
CHW Pump P-51 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3] 239,148
CHW Pump P-52
CND Pump P-60 13.2 13.2 13.2 13.2 13.2 13.2] 13.2 13.2] 132 132 13.2] 13.2] 115,632
CND Pump P-61
CND Pump P-65 22.3 22.3 22.3 22.3 223 22.3 22.3 22.3 22.3 223 22.3 22.3] 195,348
CND Pump P-66
Boiler B-51 19,331
Boiler B-52
HW pump P-70 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 23,652
HW pump P-71
HW pump P-63 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 56,064
HW pump P-64
Fan AH-1 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 76,212
Fan AH-2 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 18,396
Fan AH-3 10.3] 10.3] 103 10.3 10.3] 10.3] 10.3 103} 10.3; 10.3] 103} 103 90,228
Fan AH-4 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 42,924
Fan AH-5 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 35,916
Fan AH-51 4.9 4.9 4.9 49 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 42,924
Fan AH-52 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 14,892
Fan AH-53 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 75,336
Fan AH-54 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 38,544
Fan AH-55 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 35,916
Total (KW) 218.3| 221.1] 226.8] 237.8] 249.3] 261.7| 267.9] 263.5] 249.2| 236.8] 220.7} 219.1] 1,957,030 19,331
Energy Savings 92 MMBTU/yr (electric)
Energy Savings -25 MMBTU/yr (diesel)
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Life Cycle Cost Analysis Study: HELSTF.LC

Energy Conservation Investment Program (ECIP) LCCID FYO96
Installation & Location: WSMR
Region data: NEW MEXICO Census Region: 4

Project NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
al Year: 1996 Discrete Portion: ECO-B

Wlysis Date: 07/24/96 Economic Life: 20 vyears

Prepared by: JOHN CARTER

ECIP Summary Report

1. Investment

A. Construction Cost $60,653
B. SIOH $3,023
C. Design Cost $3,111
D. Total Cost (1A+1B+1C) $66,787
E. Salvage Value of Existing Equip. $0
F. Public Utility Company Rebate SO
G. Total Investment (1D-1E-1F) $66,787

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |Price Usage Usage Annual Discount |Discounted
Units |[Savings |Units Savings Factor Savings

Electricity $25. | /Mbtus 1,454 |Mbtus $36,292 14 .47 $525,143
Elec. Deman S0 13.47 S0
Distillate $S.|/Mbtus 0 |Mbtus S0 17.01 S0
sidual 0i S.|/Mbtus 0 [Mbtus $0 17.23 $0
“;ural Gas S.|/Mbtus 0 [Mbtus S0 17.32 $0
coal $.|/Mbtus 0 |Mbtus $0 14.04 $0
LPG $6.5| /Mbtus 0 |Mbtus S0 15.64 S0
Solar $.|/Mbtus 0 [Mbtus S0 13.47 $0
Geothermal S.|/Mbtus 0 |Mbtus $0 13.47 S0
Biomass $S.|/Mbtus 0 [Mbtus $0 13.47 $0
Refuse $.|/Mbtus 0 |[Mbtus $0 13.47 $0
Wind $.|/Mbtus 0 [Mbtus $0 13.47 $0
Other $7.|/Mbtus -25|Mbtus -8$175 13.47 -$2,354
TOTAL 1,429 (Mbtus $36,117 $522,789

3. Non Energy Savings (+) / Costs (-)

Item Savings/ Year Discount Discounted
Cost Factor Savings/Cost
ANNUAIL TOTAL S0 S0
ONE TIME TOTAL $0 S0
TOTAL $0 $0
4., First Year Dollar Savings $36,117
5. Simple Payback Period (Years) 1.85
6. Total Net Discounted Savings $522,789
Savings to Investment Ratio 7.83
bf < 1, Project does not qualify
idjusted Internal Rate of Return 15.38%



ECO NO:
DATE:
ECO TITLE:

ENERGY CONSERVATION OPPORTUNITY (ECO)

C
5/6/96
Provide Energy Management System

INSTALLATION: HELSTF, LSTC Building, Bldg. TC-1 and TC-2

LOCATION:

White Sands Missile Range, New Mexico

A. Summary:

Electrical Energy Savings 4,419 MMBTU/yr
Diesel Energy Savings 542 MMBTU/yr
Total Energy Savings 4,961 MMBTU/yr
Total Cost Savings 114,087 $/yr

Total Investment 443,021 $

Simple Payback 3.88 yrs

SIR 3.72

B. ECO Description:

Install Energy Management System (EMS) at LSTC, TC-1 and TC-2 buildings. The EMS should be

the fully distributed type with stand alone digital controllers in the various equipment areas of the

- buildings. These controllers should be able to communicate with each other as well as with a central,

personal computer-based (PC) control center. This central PC-based control center will be installed

‘, at the LSTC building to monitor and control the HVAC systems in all buildings. The TC-1 and TC-2

/ buildings will be connected to the control center via phone lines. The EMS controllers will be
programmed to accomplish the following tasks.

1.

In the LSTC building, it will reduce the volume of outside air (OA) from AHU-S1 from the
current 7,845 CFM to 2,880 CFM by means of a variable frequency drive. These savings will
occur only when the OA conditions are not suitable for the economizer cycle. In the
economizer cycle, the unit will deliver up to 7,845 CFM of OA to take full advantage of the
free cooling available. Furnish all necessary controls to facilitate the modulation of RA and
OA dampers using enthalpy economizer control for AH-1, 2, 3, 5, 6, 7, and 13.

In the LSTC building, an optimum start and stop program will be provided to control AHUs
1,2,3,5,6,7and S1. These units will be de-energized at a variable unoccupied time and
will be energized before the arrival of the facility occupants the next day. Based on
occupancy schedules, ambient conditions and building thermal characteristics, the equipment
can be started as late as possible, and stopped as early as possible without sacrificing occupant
comfort. By minimizing the equipment operating time in this manner, more energy savings
would occur. The units will remain off during the weekend and holidays. When a space
temperature becomes too high during the cooling season or too low during the heating season,
the units will cycle as required to maintain a preset unoccupied space temperature.

In the LSTC building, all multizone units and all single zone units with reheat coils in their
branches will have a cooling side discharge air temperature reset. All branch thermostats and
zone supply air temperatures downstream of the reheat coils (RH) will be monitored. The
cooling coil leaving air temperature will be reset sufficiently to satisfy at least one zone
thermostat without reheat or mixing.

In the TC-1 building, AH-3, 51, 52, and 53 and will be furnished with all necessary controls
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to facilitate an economizer cycle based upon enthalpy control. In appropriate ambient
conditions, these units will operate in the economizer mode, which will save thermal cooling
energy.

In the TC-2 building, the existing local chiller controls including CHW and condenser water
temperature reset will be added to a global EMS system.

In the LSTC building, the general building exhaust fan EF-2 will be provided with start/stop
controls which are programmed to turn the fan off at night and on in the morning. The same
EMS controls will be applied to the HW circulation pump, P-5, serving the building’s
terminal reheat coils.

In TC-1, the air handling units, AHU-51, 52 and 53, will be provided with EMS controls
which will eliminate the reheating of supply air in order to maintain space temperatures. The
new controls will utilize CHW and HW coil control valve sequencing to maintain space
temperatures. The EMS will override the normal local controls whenever the space humidity
sensors call for dehumidification. Also, the electric humidification units, EH-51 and 53, will
be deactivated (with override control) to reduce the need for both humidification and
dehumidification in the building.

This project will require engineering design and specification of the HVAC system controls and EMS
systems, modifications to some of the existing HVAC controls and installation of the new controls and
EMS systems required to perform the previously mentioned functions.

Discussion:

Installing an EMS system is intended to coordinate all of the existing controls and to add controls that
will not only save HELSTF money but also save in maintaining the equipment. The EMS system will
be designed such that the controls operating in the above-mentioned manner can be bypassed to
provide design conditions when required.

1.

In the LSTC building, the AHU-S1 is a 100% OA unit. This unit is providing OA to AH-1,
2,3,5,6,7,and 13 at the facility. Currently the AHU is set to deliver 7,846 CFM regardless
of the building occupancy level. The existing occupancy level of the facility is 144 people.
At a rate of 20 CFM per person, only 2,880 CFM minimum OA is needed to meet current
ASHRAE ventilation standards.

The typical facility room thermostats are set to maintain 70°F. The humidity is generally
maintained at 40%. The average return air temperature is estimated at 75°F.

Generally, the ambient condition in the White Sands area is dry. Therefore, to take full
advantage of free cooling, the controls will be adjusted or provided to operate AHU-S1
similar to one with an economizer cycle. However, because there are enough humid days
during the year, the economizer cycle will be controlled by using enthalpy conditions as
opposed to just dry-bulb conditions.

In an enthalpy economizer control operation, the amount of outside airflow is determined by
which type of air (return or ambient) requires the less work on the compressor while
maintaining the minimum amount of required ventilation airflow. Therefore, if the ambient
air requires less refrigeration work, as shown on the psychrometric chart, than the return air
a maximum amount of ambient air should be used. There is no single set point, but must be
determined from the room conditions and leaving coil conditions. A typical value for these
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types of systems may be 68°F, and 70% RH.

During the cooling season, when the ambient condition is not conducive to using economizer

control, the unit will deliver 2,880 CFM to maintain ventilation requirements. When
conditions do permit, the controls will reset to deliver up to 7,846 CFM. This economizer
cycle will remain in operation until the ambient air drops below 50°F. Below 50°F ambient
temperature, the airflow will reset to 2,880 CFM.

The operation will produce cooling energy savings during the summer season as 4,966 CFM
(7,846 CFM - 2,880 CFM) will not require cooling. Similarly, the same quantity of airflow
will not require heating below 50°F ambient temperature during the winter season, and
heating energy savings will occur.

A 7.5 HP variable frequency drive, necessary hardware and software to monitor the fan
output (air volume, air velocity or duct static pressure), and ambient temperature sensors will
be required to accomplish the above operation.

Currently the LSTC’s occupancy hours are from 7:00 a.m. to 4:00 p.m. daily. The building
remains unoccupied during the weekends and holidays. These occupancy hours change only
when a laser test is conducted at the facility.

Regardless of occupancy hours, all AHUs are operating 24 hours per day, 365 days per year.
Depending on occupancy schedules, ambient conditions and building thermal characteristics,
AHUs 1,2, 3, 5, 6 and 7 will be turned off every day in the evening. The equipment will be
stopped as early as possible and turned back on as late as possible every weekday without
sacrificing occupant comfort. These AHUs will remain off during weekends and holidays.

Several temperature sensors will be installed in the spaces served by these AHUs. These
sensors will monitor the space temperature during the unoccupied hours. During the cooling
season when the space temperature exceeds 85°F, the AHUs serving that space will energize
to cool the space below 85°F. When the space temperature reaches 84°F, these AHUs will
cycle off. Similarly, the wintertime unoccupied space temperature will be maintained at
65°F.

The EMS system will have the capability to manually override this operation when special
tasks or tests are performed at the facility. All AHUs serving the critical areas and the
Liebert-type computer room units will operate as usual, and they will not be included in the
new optimum start/stop program. However, if desired, their current operation and
performance can be monitored by the new EMS system by adding sensors.

Currently all multizone and single zone units in the LSTC building are maintaining cold deck
temperatures of 50°F to 55°F. The individual room temperatures are controlled by mixing
cold deck air with return air in the multizone AHUs, and by reheating cold deck air with
terminal reheat coils in the single zone AHUs. In both cases, energy is wasted. By resetting
the cold deck temperatures to a higher temperature, cooling and heating energy savings will
occur.

AHUs 1, 2 and 7 are multizone units. Cold deck air temperatures at the units and zone supply
air temperatures downstream of the mixing dampers will be monitored. High zone supply air
temperatures indicate the mixing of cold deck and return air by the unit’s zone mixing
dampers. When this occurs in all zones, the cold deck temperature will be increased to
minimize mixing. This process will continue until one of the zones requires no mixing. (A
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1.0°F differential in these temperatures will be permitted to compensate for mixing damper
leakage and heat gain from the ceiling plenum.) The space humidity also will be monitored.
When the humidity exceeds its upper limit, the cooling supply air temperature will be
decreased to provide dehumidification.

A similar procedure will be followed for single zone AHUs 5, 6 and S-4. These AHUs are
equipped with terminal reheat coils in their branch ducts. The coil control valves are
modulated by the room thermostats to maintain room temperatures. All branch supply air
temperatures will be monitored. The AHU cold deck air temperatures will be increased until
one valve for the branch reheat coils is completely closed and the room temperature is
maintained without reheat. These units also will have a humidity override control similar to
the multizone units.

All AHUs serving the TC-1 building are small single zone units. They are equipped with a
single CHW and HW reheat coil. These units control respective space temperatures with
thermostats that control and modulate CHW and HW coil valves. Outside air (OA) and return
air (RA) dampers remain in set positions at all times regardless of outside ambient
temperatures. AH-3, 51, 52, and 53 RA, OA, and mixed air (MA) temperatures will be
monitored by sensors. When the OA temperature is favorable, (below 65°F), the OA
dampers will be modulated open to take full advantage of free cooling. Below 50°F ambient
temperature, the reverse procedure will occur, and the OA damper will modulate to the closed
position. The RA dampers will modulate proportionally with the OA dampers. Due to the
conditions, only dry-bulb ambient temperatures will be monitored.

Chillers CH-51 and CH-52 currently are furnished with chilled water and condenser water
temperature reset controls. Upon a decrease in ambient temperature, the leaving CHW
temperature increases. An increase in leaving CHW temperature decreases the KW/ton which
reduces the electrical energy required. The entering condenser water temperature is reduced
in certain weather conditions to further enhance the chiller efficiency.

As the differential pressure between the evaporator and condenser is decreased, the energy
required to operate the chiller compressor also decreases. Therefore, reducing the condenser
water temperature will save energy. However, the cooling tower fan energy increases to
produce a lower condenser water temperature. The EMS system will monitor and activate the
reset program when atmospheric conditions permit, and when the energy savings from the
chiller compressor exceeds the additional cooling tower fan energy required to produce a
lower condenser water temperature.

In LSTC, the general exhaust fan EF-2 currently operates 24 hours a day, even when the
building is unoccupied. Since the AHU-S1 supplying outside ventilation air to the building
will be turned off at night and on weekends as described above, the exhaust fan EF-2 can be
turned off during these periods to save energy as well. Also, since the other AHUs in the
building will be off at night and on weekends, the HW circulation pump P-5, which serves
the terminal reheat coils in the building, can be turned off as well to save energy.

In TC-1, the AHUs 51, 52 and 53 currently have controls which maintain cold deck
temperatures of 50°F to 55°F for the purposes of dehumidification. The HW reheat coils on
these units are then used to maintain space temperatures. At the same time, the electric
humidification units, EH-51 and EH-53, are adding humidity to the spaces.

Since the newer electronics equipment in the building is less sensitive to low humidity than
was older electronics equipment, it is felt that the EH-51 and 53 humidifiers can be turned off
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without harming the equipment in the conditioned spaces. The electronics equipment
manufacturers can be contacted to verify this assumption. This will reduce the excess
humidity currently introduced into the space. Since the ambient conditions in the desert are
usually dry, the spaces will generally have little need for dehumidification, except for periods
when it rains outside. Therefore, most of the time the space thermostats can be used to
control the AHU CHW and HW control valves in sequence to maintain space temperatures.
This will save cooling energy at the chiller. Whenever the spaces have excessive humidity,
such as on rainy days or days of testing that require critical optical paths to be maintained, the
EMS can reset the AHUs to the current mode of operation to provide the needed
dehumidification or humidification.

These are the only units in the Test Cell # 1 that have controls that maintain cold deck
temperatures at a certain set point. AHU-1, 54 and 55 will remain as they currently operate
because the coil leaving temperatures are controlled by the space temperature. Therefore,
there is no need to include these AHUs with this option because they are currently operating
as such.

Savings Calculations:

The monthly peak demand and energy consumption of the existing HVAC systems before and after
installation of the EMS controls were calculated using the Trace 600 computer program'. The
LSTC, TC-1 and TC-2 existing HVAC systems were modeled by the computer to provide realistic
energy usage profiles for both conditions. However, in order to account for previously derived
savings, the lighting systems of ECOs A and B were used as initial conditions in the computer
simulations. Field data obtained from the buildings were used to create these computer building
models?.

Once the computer simulations were completed, the total annual demand costs and energy
consumptions of the existing and proposed HVAC systems were compared to determine the annual
savings from this ECO. These savings calculations are shown on pages B-76 to B-79.

Cost Estimate:

The total implementation costs for this ECO were estimated on pages B-80 to B-82. An estimated
EMS points list for the buildings included in this ECO is provided on pages B-72 to B-75. This point
list was used to produce the estimated ECO implementation cost.

Life Cycle Cost Analysis:

A life cycle cost analysis was performed on this ECO using the program LCCID and data from the
above calculations. The summary sheet for the life cycle cost analysis is shown on page B-83. The
“Other” fuel type shown in Section # 2 is for diesel fuel consumption. The results of the analysis are
listed in the summary on page B-67.

REFERENCES

1. See Appendix G (Volume II, Tab 7) for Trace 600 input and output data for this ECO.

2. See Appendix F (Volume II, Tab 6) for building field data used to create computer models.
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BUILDING NO:

LSTC

HARDWARE

OUTPUT

INPUT

DIGITAL

DIGITAL -

ANALOG

SYSTEM:

OCCUPANCY TIME:

GRAPHIC DISPLAY @

POINT DESCRIPTION

ISTART !/ STOP

JOPEN / CLOSED

ENABLE / DISABLE

ICONTROL VALVE

ANALOG

ICONTROL DAMPER

4-20 MA OUTPUT

PRESSURE SWITCH

OIFFERENTIAL PRESSURE SWITCH

ICURRENT SWITCHING RELAY

JAUXILIARY CONTACT

FLOW SWITCH
PULSE METER
END SWITCH

LEVEL

[TEMPERATURE F

IRELATIVE HUMIDITY %

VOLTS

IAMPS

IGAGE PRESSURE

WATTS

DIFFERENTIAL PRESSURE

IPOSITION

WI/C CHILLERS o

CHILLER CH-1

CHW PUMP P-7

CND PUMP P-10A

CHILLER CH-3

CND PUMP P-10B

TWR. FAN CT-1A

TWR. FAN CT-1B

CHW SUPPLY HEADER

CHW RETURN HEADER

CND SUPPLY HEADER

CND RETURN HEADER

NinININ

TWR. BYPASS VALVE

HEAT RECLAIM SYSTEM

HW PUMP P-5

ZXHAUST FANS [ ]

EF-1

EF-2

AHU1, 2 [ ]

SUPPLY FAN

COLD DECK TEMP.

BYPASS DAMPER

RETURN AIR

MIXED AIR

ZONE DAMPERS

ZONE TEMPERATURE

FILTER

AHUS3, 5, 6, 54 [

SUPPLY FAN

COLD DECK TEMP.

RETURN AIR

£

MIXED AIR

ZONE REHEAT VALVE

35

ZONE TEMPERATURE

35

FILTER

AHU7 [

SUPPLY FAN

COLD DECK TEMP.

{ETURN AIR

MIXED AIR

BYPASS DAMPER

FILTER
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JOYLNOD ¥ITUO0E8 ILONIY

TOHINOD ONILHOIN

LINIT ONVINIQ Y3 TUHD

1353 YILYM HISNIOGNOD

13S3Y Y34VM G3TTIHD

—
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ZONE TEMPERATURE

HU-S1 @

/JPPLY FAN

FILTER

AHUS, 9, 10, 11A, 11B

12,14 ®

SUPPLY FAN

COOLING COIL

RETURN AIR

FILTER

ZONE TEMPERATURE

OUTSIDE AIR

METERING e

ELECTRIC POWER

TOTAL AO POINTS =
TOTAL DO POINTS =
TOTAL Al POINTS =
TOTAL DI POINTS =

25

39
123

GRAND TOTAL POINTS =

~—

251
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l BUILDING NO: HARDWARE

( ) OUTPUT INPUT
TC-1,2 DIGITAL ANALOG DIGITAL ANALOG

SYSTEM:

OCCUPANCY TIME:

o
/ GRAPHIC DISPLAY @
POINT DESCRIPTION

IDIFFERENTIAL PRESSURE SWITCH
ICURRENT SWITCHING RELAY

JOPEN / CLOSED
JENABLE / DISABLE
ICONTROL VALVE
ICONTROL DAMPER
4-20 MA QUTPUT
PRESSURE SWITCH
FLOW SWITCH
IAUXILIARY CONTACT
[PULSE METER

END SWITCH

LEVEL
ITEMPERATURE F
[RELATIVE HUMIDITY %
VOLTS

WATTS

IGAGE PRESSURE

AMPS

[START / STOP

IDIFFERENTIAL PRESSURE

IPOSITION

W/C CHILLERS ®

CHILLER CH-51 1 1

CHW PUMP P-51 1 1

CND PUMP P-60 1 1

CND PUMP P-65 1 1

CHILLER CH-52 1 1

CHW PUMP P-52

CND PUMP P-61

CND PUMP P-66

TWR. FAN CT-51A

||
Sl

TWR. FAN CT-51B

CHW SUPPLY HEADER

CHW RETURN HEADER

s CND SUPPLY HEADER
' ~ND RETURN HEADER

NININN

fWR. BYPASS VALVE 2

HW BOILERS ®

BOILER B-51 1 1

HW PUMP P-70 1 1

HW PUMP P-63 1 1

BOILER B-52 1 1

HW PUMP P-71 1 1

HW PUMP P-64 1 1

HW SUPPLY HEADER

HW RETURN HEADER

1

1
FUEL SUPPLY 2 2
FLUE GAS 2

FURNACE DRAFT 2

EXHAUST FANS ®

EF-60 . 1 1

AHU-51, 52, 53 ®

SUPPLY FAN 3 3

COLD DECK TEMP. 3 3

RETURN AIR

MIXED AIR 313

REHEAT COIL VALVE 3

‘ONE TEMPERATURE 313

|FILTER 3

0




3AOW 8NV

SOFTWARE

APPLICATION PROGRAMS

WdO

W4

HMX

N

X

INIL NN

TOHLNOD Y308 ILOW3H

A0HINOD ONILLHOIY

LIWIT ONVN3Q H3TUH))

13534 Y3LVM HISNIANOY

13S3Y ¥3LVYM A3TTIHD

NOI10373S ¥3TUHD

13534 VO MH

NOILI3713S ¥3108 MH

NOILD373S ¥3108 Wv3LS]

138348 0D LVIHIY

13834 %030 G103/ 10H

NOLLYINDYIO3Y / NOILVILN3N

YIZIWONOOS

MXOVBL3S LHOIN/ AVQD

ONILINIT ONYIN3Q)

F10AD ALNC

dOL1S / 14¥V.LS WNWILDO

d01S/ 14¥v1is G3INAIHIS|

ALARMS

LINITMOY

LINIT HOIH

OV1d 3ONVNILNIVIAY

FWNUVS SNLVL

ANALOG

SYIZATVNY ZO OGNV 20D

MO

NOLLISOd

JUNSS3Yd VILNIHIIHO

FUNSSAUd IOV

SLIVM




NOTES:

3Q0W YNV

ROGRAMS

Wd

Wi

HMOA

A

X

3WIL NN

TOULINOD Y308 FLOWIH

TOHLINOD ONILHO!IY

LIWIT ANVINSQ 43T

13534 YILVM Y3ISNIANOD

13S3H Y3LVM 0ITUHD,

MALEATINC VA

-t
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BUILDING NO:

TC-1,2

HARDWARE

QUTPUT

INPUT

DIGITAL

ANALOG

DIGITAL

ANALOG

SYSTEM:

OCCUPANCY TIME:

GRAPHIC DISPLAY @

POINT DESCRIPTION

ISTART / STOP
JOPEN / CLOSED
ENABLE / DISABLE

ICONTROL VALVE
ICONTROL DAMPER
4-20 MA OUTPUT

PRESSURE SWITCH

DIFFERENTIAL PRESSURE SWITCH

FLOW SWITCH

JAUXILIARY CONTACT
JCURRENT SWITCHING RELAY

PULSE METER
END SWITCH

LEVEL

[TEMPERATURE F

RELATIVE HUMIDITY %

VOLTS

IAMPS

IGAGE PRESSURE

WATTS

OIFFERENTIAL PRESSURE

POSITION

AHU-54, 55 o

SUPPLY FAN

COLD DECK TEMP.

RETURN AIR

MIXED AIR

ZONE TEMPERATURE

NININ N

FILTER

AHU-1, 2, 3,4, 5 @

SUPPLY FAN

CHW COIL VALVE

HW COIL VALVE

MIXED AIR

RETURN AIR

njorjoio;

CILTER

ZONE TEMPERATURE

OUTSIDE AIR

METERING o

ELECTRIC POWER

TOTAL AO POINTS =
TOTAL DO POINTS =
TOTAL Al POINTS =
TOTAL DI POINTS =

27
20
36
96

GRAND TOTAL POINTS =

179




300N YNV,

SOFTWARE

APPLICATION PROGRAMS

WdO

W4

HAA

M4

3NIL NN

T0HLINOD ¥3N08 3LONW3Y

JOYLINOD ONILHON

LIWIT GNVINZQ H3TTIH)

13534 ¥3LVM HISNIANO

13834 ¥3ILVM 03 TTUHY

NOILO313S H3TUHY

13534 VOMH

NOILDIT3S H¥3IN08 MH

NOILI3713S ¥309 WV3LS

13838 00 LV3H3Y

13534 %030 0100/ LOH

NOILVINJUIDOIY / NOILVIILNIN

Y3ZINONOD

AIVELIS LHOIN/ AVQ

ONILLIWIT ONVNIQ

370A0 ALNGY

dOLS / 1HVLS WNWILJO)

dOLS / LHV1S A31NA3HIS]

ALARMS

LIRIT MO

LIWIT HOIH

OV14 3ONVNILNIVN

JPNTivd SNLVL

ANALOG

SHIZATVNY ZO ANV 20

MO4

NOUWLISOd

FUNSSIUJ TVILNIYISHIO

JUNSSIHd IOV

SLLVW

SdWV

At




NOTES:

300N NIV

ROGRAMS

WdO

W3

HADA

M4

3NLL NN

JOULNOD ¥3 08 FLONWI

JOUINOD ONILHON

LINIT ONVINZQ Y3THHD

1353y H31vM HISNIANOD

13S3Y "¥3ILVM 03 TUHD,

NOILDITIS HITUHHN

B
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ECO-C

ANNUAL | ANNUAL
ITEM LSTC BUILDING, ECO-B LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lighting Systems 94.8 94.8 94.8 94.8 94.8| 948 94.8 94.8 94.8 94.8] 94.8] 94.8| 376,570
|Chiller CH-1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1| 771,420
Chiller CH-3 47.6 54.3 62.7 68.6 75.3 86.7 94.0 92.0 81.6] 68.9 57.6 52.0| 453,528
Twr. Fan CT-1A 0.6 0.8 1.0 3.2 7.4 12.5 12.5 12.5 12.5 4.8 0.7 0.6 25,060
Twr. Fan CT-1B 5.3 6.2 7.1 8.8 10.8 10.8 10.8 10.8 10.8 9.4 6.4 6.0 58,066
HW pump P-5 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6] 145416
CHW Pump P-7 39.3 39.3 39.3 39.3 39.3] 393 39.3 39.3 39.3] 39.3] 39.3] 39.3] 344,268
CND Pump 10A 27.5 27.5 27.5 27.5 275 2715| 275 27.5 27.5) 275 27.5| 27.5] 240,800
CND Pump 10B 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3] 160,308
Fan EF-1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 10,512
Fan EF-2 2.7 27 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 27 2.7 23,652
Fan AH1 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 56,940
Fan AH2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 89,352
Fan AH3 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 56,940
Fan AHS 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3] 151,548
Fan AH6 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9] 121,764
Fan AH7 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 64,824
Fan AHS1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 29,779
Fan AHS4 22.7 22.7 227 227 227 227 22.7 227 227 227| 227 227| 198,852
Fan AH-8 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-9 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Fan AH-10 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 15,768
Fan AH-11A 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 32,412
Fan AH-118B 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 47 4.7 4.7 4.7 41,172
Fan AH-12 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-14 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Totals 458.5| 466.3| 4758 4856{ 4985{ 5150| 522.3] 520.3| 509.9| 488.1] 469.7| 463.6] 3,624,979
Total Energy 12,372 MMBTU/yr (electric)
Total Energy MMBTU/yr (diesel)
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ECO-C ANNUAL | ANNUAL
ITEM LSTC BUILDING, PROPOSED LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lighting Systems 94.8 94.8 94.8 94.8 048] 94.8| 948| 948 94.8 94.8 94.8 94.8] 376,570
Chiller CH-1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1| 491,907
Chiller CH-3 225! 235 27.9 32.3 34.5f 37.0f 39.3] 391 36.9 331 27.9] 236 73,212
Twr. Fan CT-1A 8.3 8.6 8.6 9.8 11.7 12.5 12.5 12.5 12.5 10.5 8.7 8.6 50,763
Twr. Fan CT-1B 3.4 7.1 10.8 10.8 10.8 10.8 4.8 11,212
HW pump P-5 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 66,649
CHW Pump P-7 39.3] 393 39.3 39.3 39.3 39.3 39.3] 393 39.3 39.3 39.3 39.3| 344,268
CND Pump 10A 275 27.5] 275 27.5 27.5f 2751 2715 27.5 27.5 275 27.5] 27.5] 240,900
CND Pump 10B 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 50,691
Fan EF-1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 4,423
Fan EF-2 2.7 2.7 2.7 2.7 27 2.7 2.7 2.7 2.7 2.7 2.7 2.7 9,201
Fan AH1 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 22,762
Fan AH2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 39,807
Fan AH3 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 21,352
Fan AH5 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3} . 173 17.3 17.3 17.3 57,644
Fan AH6 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 48,515
Fan AH7 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 25,830
Fan AHS1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 6,977
Fan AHS4 227 227 227 22.7 22.7 227 22.7 22.7 227 227 227 227} 198,852
Fan AH-8 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-9 5.6 5.6 5.6 56 5.6 5.6 5.6 5.6 5.6 5.6 56 5.6 49,056
Fan AH-10 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 15,768
Fan AH-11A 3.7 3.7 3.7 3.7 37 3.7 3.7 3.7 3.7 3.7 3.7 3.7 32,412
Fan AH-11B 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 41,172
Fan AH-12 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-14 5.6 5.6 56 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Total (KW) 435.8| 437.1| 441.5| 450.5] 458.3| 465.3| 467.6] 467.4] 465.2| 453.4] 441.6] 437.2] 2,386,815
Energy Savings 4,226 MMBTU/yr (electric)
Energy Savings MMBTU/lyr (diesel)




ECO-C ANNUAL | ANNUAL
. ITEM TC-1 & TC-2 BUILDINGS, ECO-B LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lighting Systems 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4 434 43.4 43.4 43.4] 356,670
Chiller CH-51 46.6 49.2 54.7 64.5 74.9 87.3 93.5 89.1 74.8 63.3 48.9 47.4] 469,708
Chiller CH-52
Twr. Fan CT-51A 2.6 2.8 3.0 4.2 5.3 5.3 5.3 5.3 5.3 4.4 2.7 2.6 29,520
Twr. Fan CT-51B
CHW Pump P-51 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3 27.3] 239,148
CHW Pump P-52
CND Pump P-60 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.21 115,632
CND Pump P-61
CND Pump P-85 22.3 22.3 22.3 22.3. 22.3 22.3 223 22.3 223 22.3 223 22.3| 195,348
CND Pump P-66
Boiler B-51 ) 19,331
Boiler B-52
HW pump P-70 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 23,652
HW pump P-71
HW pump P-63 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 56,064
| HW pump P-64
1 Fan AH-1 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 76,212
i Fan AH-2 2.1 2.1 2.1 2.1 21 2.1 2.1 2.1 21 2.1 2.1 2.1 18,396
| Fan AH-3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 90,228
Fan AH-4 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 49 4.9 4.9 42,924
. Fan AH-5 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 35,916
Fan AH-51 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 42,924
Fan AH-52 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 14,892
Fan AH-53 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 75,336
Fan AH-54 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 38,544
‘ Fan AH-55 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 35,916
Totals 218.3| 221.1| 226.8] 237.8] 249.3| 261.7| 267.9| 263.5| 249.2] 236.8] 220.7| 219.1] 1,957,030 19,331
Total Energy 6,679 MMBTU/yr (electric)
Total Energy 1,933 MMBTU/yr (diesel)
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ECO-C

ANNUAL | ANNUAL
(TEM TC-1 & TC-2 BUILDINGS, PROPOSED LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lighting Systems 43.4 43.4 43.4 434 43.4 43.4 43.4 43.4 43.4 43.4 43.4 43.4] 356,670
Chiller CH-51 37.7] 38.7] 496 56.2 639 71.5| 76.0 74.3 66.1 56.2| 384 38.0] 400,851
Chiller CH-52
Twr. Fan CT-51A 4.5 4.7 5.3 53 53 5.3 5.3 5.3 5.3 5.3 5.0 4.6 42,143
Twr. Fan CT-51B
CHW Pump P-51 273 273 27.3 27.3 273 27.3] 273 27.3 27.3 273 273 27.3] 239,148
CHW Pump P-52
CND Pump P-60 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2 13.2] 115,632
CND Pump P-61
CND Pump P-65 223 223 223 223 223 223 223 22.3 22.3 223} 223 22.3] 195,348
CND Pump P-66
Boiler B-51 13,913
Boiler B-52
HW pump P-70 2.7 2.7 2.7 27 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 23,652
HW pump P-71
HW pump P-63 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 56,064
HW pump P-64
Fan AH-1 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 76,212
Fan AH-2 2.1 21 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 18,396
Fan AH-3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 10.3 90,228
Fan AH-4 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 42,924
Fan AH-5 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 4.1 35,916
Fan AH-51 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 4.9 42,924
Fan AH-52 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 14,892
Fan AH-53 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 8.6 75,336
Fan AH-54 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 44] 38544
Fan AH-55 4.1 4.1 4.1 4.1 4.1 4.1 4.1 411 4.1 4.1 4.1 4.1 35,916
Total (KW) 211.3| 212.5| 224.0] 230.6| 238.3] 245.9| 250.4]1 248.7| 240.5| 230.6| 212.5| 211.7{ 1,900,796 13,913
Energy Savings 192 MMBTU/yr (electric)
Energy Savings 542 MMBTUlyr (diesel)
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Life Cycle Cost Analysis Study: HELSTF.LC

Energy Conservation Investment Program (ECIP) LCCID FY96
Installation & Location: WSMR
Region data: NEW MEXICO Census Region: 4

ject NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
cal Year: 1996 Discrete Portion: ECO-C

. lysis Date: 07/24/96 Economic Life: 20 vyears

Prepared by: JOHN CARTER

ECIP Summary Report

1. Investment

A. Construction Cost 402328
B. SIOH 20054
C. Design Cost 20639
D. Total Cost (1A+1B+1C) $443,021
E. Salvage Value of Existing Equip. S0
F. Public Utility Company Rebate $0
G. Total Investment (1D-1E-1F) $443,021

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |Price Usage Usage Annual Discount |Discounted
Units |Savings |Units Savings Factor Savings
Electricity $25. | /Mbtus 4,419 Mbtus $110,298 14.47| $1,596,016
Elec. Deman S0 13.47 SO
istillate $.|/Mbtus 0 |Mbtus $0 17.01 $0
Osidual oi $. | /Mbtus 0 [Mbtus $0 17.23 S0
“ural Gas $.|/Mbtus 0 |[Mbtus S0 17.32 $0
woal $.|/Mbtus 0 [Mbtus 30 14.04 $0
LPG $6.5|/Mbtus 0 |Mbtus S0 15.64 S0
Solar $.|/Mbtus 0 [Mbtus 10 13.47 S0
Geothermal $.|/Mbtus 0 [Mbtus $0 13.47 $0
Biomass $.|/Mbtus 0 |Mbtus $0 13.47 $0
Refuse $. | /Mbtus 0 [Mbtus S0 13.47 $0
Wind $.|/Mbtus 0 [Mbtus S0 13.47 $0
Other $7.|/Mbtus 542 |Mbtus $3,789 13.47 $51,032
TOTAL 4,961 |Mbtus $114,087 $1,647,048
3. Non Energy Savings (+) / Costs (-)
Item Savings/ Year Discount Discounted
Cost Factor |Savings/Cost
ANNUAL TOTAL S0 S0
ONE TIME TOTAL S0 S0
TOTAL S0 $0
4. FPirst Year Dollar Savings $114,087
5. Simple Payback Period (Years) 3.88
6. Total Net Discounted Savings $1,647,048
Savings to Investment Ratio 3.72
f < 1, Project does not qualify
8 idjusted Internal Rate of Return 11.16%
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ENERGY CONSERVATION OPPORTUNITY (ECO)

ECONO: D

DATE: 5/6/96

ECO TITLE: VAV Retrofit

INSTALLATION: HELSTF, LSTC Building

LOCATION: White Sands Missile Range, New Mexico

A. Summary:
Electrical Energy Savings 1,271 MMBTU/yr
Diesel Energy Savings 0 MMBTU/yr
Total Energy Savings 1,271 MMBTU/yr
Total Cost Savings 31,724 $/yr
Total Investment 140,835 $
Simple Payback 4.44 yrs
SIR 3.26

B. ECO Description:

Air handling units 1, 2, 3, 5, 6, 7 and S-4 will be converted to Variable Air Volume (VAV) systems.
Approximately one hundred twelve (112) VAV air valve retrofit kits with pneumatic thermostats will
be installed in the existing duct work to control the room temperatures by varying the volume of air
delivered to the rooms. A total of seven (7) Variable Frequency Drives (VFD) with static pressure
(SP) controllers will be installed to maintain the duct SP by varying the fan motor speeds. This project
will require engineering design drawings and specifications, as well as installation of the new air
systems controls.

Discussion:

AHUs 1, 2 and 7 are multizone (MZ) units. The zone temperatures are maintained by varying the
supply air temperature while maintaining constant airflow. Supply air temperatures are adjusted by
mixing cold air and RA at the unit prior to the supply air discharge. This mixing of return air (RA)
and cold air wastes the thermal energy required to initially cool the cold deck air stream. The systems,
when converted to VAV, will vary the airflow rates to satisfy thermal loads at the VAV box. This will
eliminate wasted energy as only the airflow required for the load will be cooled. If the zone flow rates
drop to a preset minimum CFM, then the existing cooling coil valve will modulate to a bypass
condition which in turn varies the supply air temperature (the zone dampers will be disconnected from
the actuators and placed in full-face position). Since the AHU airflow rates will vary under this new
control scheme, the fan speeds can be varied to save energy with reduced airflow. VFDs will be
installed to control the fan speeds. A constant preset duct pressure will be maintained by SP
controllers which will send a signal to control the VFDs. VAV air valve kits similar to the Titus QCV
Series' will be installed in the ducts to control the air volume to the spaces. A pneumatic room
thermostat will also be installed for each VAV retrofit kit to control the air valves. The controllers on
the air valves will also be connected to the existing mixing dampers at the AHUs to allow mixing at
minimum air flow settings when required.

AHUs 3, 5, 6 and S-4 are single zone constant air volume units with a preset cold supply air
temperature. To maintain space temperatures, this cold air is reheated by terminal reheat (RH) coils,
controlled by space thermostats. Thermal energy used to produce cold air and the heating water is
wasted under this control sequence. With VAV operation, the supply airflow at a constant
temperature will be varied to satisfy the thermal load in the space. If the air flow rates drop to a preset
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minimum CFM, then the RH coil valve will open and provide heat to satisfy the thermal load. As with
the MZ units, only the airflow required for the load will be heated or cooled. The waste of thermal
energy will be minimized with this conversion. VAV retrofit kits, thermostats, VFDs, and SP
controllers will be utilized as described in the previous MZ unit application. However, the controllers
on the air valves will now be connected to the existing terminal RH coil control valves to allow
reheating at minimum air flow settings when required.

D. Savings Calculations:

The monthly peak demand and energy consumption of the LSTC’s HVAC systems before and after
installation of the VAV controls were calculated using the Trace 600 computer program’.
However, in order to account for previously derived savings, the lighting and HVAC systems from
all previous ECOs were used as initial conditions for this ECO. The computer models provided
realistic energy usage profiles for both conditions, before and after the VAV controls. Field data
obtained from the buildings were used to create these computer building models®.

Once the computer simulations were completed, the total annual demand costs and energy
consumption of the existing and proposed HVAC systems were compared to determine the annual

savings from this ECO. These savings calculations are shown on pages B-86 to B-87.

E. Cost Estimate:
The total implementation costs for this ECO were estimated on pages B-88 to B-89. Manufacturers
data, on the VAV retrofit kits for the air handling units, is included in Appendix E (Volume I, Tab
5). This data was used to produce the estimated ECO implementation cost.

F. Life Cycle Cost Analysis:
A life cycle cost analysis was performed on this ECO using the program LCCID and data from the
above calculations. The summary sheet for the life cycle cost analysis is shown on page B-90. The
“Other” fuel type shown in Section # 2 is for diesel fuel consumption. The results of the analysis are
listed in the summary on page B-84.

REFERENCES
1. See Appendix E (Volume II, Tab 5) for manufacturer’s data on retrofit kits.

2. See Appendix G (Volume II, Tab 7) for Trace 600 input and output data for this ECO.

3. See Appendix F (Volume II, Tab 6) for building field data used to create computer models.
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ECO-D

ANNUAL | ANNUAL
TEM LSTC BUILDING, ECO-C LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lighting Systems 94.8 94.8 94.8 94.8 94.8 94.8 94.8 94.8 94.8 94.8 94.8 94.8] 376,570
Chiller CH-1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1] 491,907
Chiller CH-3 22.5 23.5 27.9 32.3 34.5 37.0 39.3 38.1 36.9 33.1 27.9 23.6 73,212
Twr. Fan CT-1A 8.3 8.6 8.6 9.8 11.7 12.5 12.5 12.5 12.5 10.5 8.7 8.6 50,763
Twr, Fan CT-1B 3.4 7.1 10.8 10.8 10.8 10.8 4.8 11,212
HW pump P-5 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 66,649
CHW Pump P-7 39.3 39.3 39.3 39.3 39.3 39.3 39.3 393 39.3 39.3 39.3 39.3] 344,268
CND Pump 10A 27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.5 27.5] 240,900
CND Pump 10B 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 50,691
Fan EF-1 1.2 1.2 12 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 4,423
Fan EF-2 2.7 2.7 2.7 2.7 2.7 27 2.7 27 2.7 2.7 2.7 2.7 9,201
Fan AH1 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 22,762
Fan AH2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 39,807
Fan AH3 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 21,352
Fan AH5 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 17.3 57,644
Fan AH6 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 48,515
Fan AH7 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 25,830
Fan AHS1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 4.0 4.0 4.0 4.0 6,977
Fan AHS4 22.7 22.7 22.7 22.7 22.7 22.7 22.7 227 22.7 22.7 22.7 22.7] 198,852
Fan AH-8 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-9 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Fan AH-10 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 15,768
Fan AH-11A 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 32,412
Fan AH-11B 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 41,172
Fan AH-12 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-14 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 56 5.6 5.6 49,056
Totals 435.8| 437.1] 4415 450.5] 458.3| 465.3| 467.6| 467.4| 465.2| 453.4] 441.6| 437.2| 2,386,815
Total Energy 8,146 MMBTU/yr (electric)
Total Energy MMBTU/yr (diesel)
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ECO-D

ANNUAL | ANNUAL
—_— LSTC BUILDING, PROPOSED LIGHTING & HVAC SYSTEMS ENERGY | DIESEL
MONTHLY PEAK DEMAND (KW) USAGE | USAGE
(KWH) | (THERM)
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lighting Systems 94.8 94.8 94.8 94.8 94.8 94.8 94.8 94.8 94.8 94.8 94.8 94.8{ 376,570
Chiller CH-1 84.7 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1 88.1} 412,735
Chiller CH-3 225] 235 27.4 30.4 32.0f 334 33.2 31.6 29.4 23.3 22.5 36,776
Twr. Fan CT-1A 8.5 8.7 8.9 9.9 11.8 12.5 12.5 12.5 12.5 10.6 8.8 8.7 46,726
Twr. Fan CT-1B 1.8 6.3 10.8 10.8 10.8 10.8 3.7 7,704
HW pump P-5 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 66,649
CHW Pump P-7 39.3 39.3 39.3 39.3 39.3 39.3 39.3 39.3 39.3 39.3 39.3 39.3] 344,268
CND Pump 10A 27.5 27.5 27.5 27.5 27.5 275 275] 275 27.5 27.5 27.5 27.5| 240,900
CND Pump 108 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 18.3 32,080
Fan EF-1 1.2 1.2 1.2 1.2 1.2 1.2 1.2 12 1.2 1.2 1.2 1.2 4,423
Fan EF-2 27 27 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 10,031
Fan AH1 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 22,280
Fan AH2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 10.2 39,733
Fan AH3 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 6.5 15,207
Fan AH5 5.0 10.1 10.1 14.1 17.2 17.2 17.2 17.2 17.2 14.1 10.1 10.1 25,319
Fan AH6 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9 38,539
Fan AH7 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 25,459
Fan AHS1 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 5,593
Fan AHS4 21.9 21.9 21.9 21.9 2191 21.9] 219 21.9 21.9 21.9 21.9 21.9 18,054
Fan AH-8 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-9 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Fan AH-10 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8 15,768
Fan AH-11A 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 3.7 32,412
Fan AH-11B 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 4.7 41,172
Fan AH-12 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 28,908
Fan AH-14 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 5.6 49,056
Total (KW) 378.7| 428.21 429.4| 440.1| 452.6| 459.4| 460.8| 460.6] 459.0{ 444.7| 429.1] 428.2] 2,014,326
Energy Savings 1,271 MMBTU/yr (electric)
Energy Savings MMBTU/yr (diesel)
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Life Cycle Cost Analysis Study: HELSTF.LC

Energy Conservation Investment Program (ECIP) LCCID FY96
Installation & Location: WSMR
Region data: NEW MEXICO Census Region: 4

ject NO. & Title: 03-0185.05 EEAP ENERGY STUDY - HELSTF FACILITY
~al Year: 1996 Discrete Portion: ECO-D

A .ysis Date: 07/24/96 Economic Life: 20 years

Prepared by: JOHN CARTER

ECIP Summary Report

1. Investment

A. Construction Cost 127899
B. SIOH 6375
C. Design Cost 6561
D. Total Cost (1A+1B+1C) $140,835
E. Salvage Value of Existing Equip. $0
F. Public Utility Company Rebate $0
G. Total Investment (1D-1E-1F) $140,835

2. Energy Savings (+) / Costs (-)
Date of NISTIR 85-3273-X used for Discount Factors Oct 1995

Fuel Price |[Price Usage Usage Annual Discount |Discounted
Units |Savings |Units Savings Factor Savings
Electricity $25. | /Mbtus 1,271 |Mbtus $31,724 14.47 $459,049
Elec. Deman S0 13.47 S0
istillate $.|/Mbtus 0 |Mbtus S0 17.01 S0
6sidual o1 $.|/Mbtus 0 [Mbtus S0 17.23 S0
=ural Gas $.|/Mbtus 0 |[Mbtus $0 17.32 S0
woal $.|/Mbtus 0 [Mbtus $0 14.04 S0
LPG $6.5|/Mbtus 0 |Mbtus SO 15.64 SO
Solar $.|/Mbtus 0 [Mbtus $0 13.47 $0
Geothermal $.|/Mbtus 0 |Mbtus $0 13.47 $0
Biomass $. | /Mbtus 0 [Mbtus $0 13.47 $0
Refuse $.|/Mbtus 0 |Mbtus $0 13.47 S0
Wind $.|/Mbtus 0 |Mbtus SO 13.47 S0
Other $7.|/Mbtus 0 {Mbtus S0 13.47 S0
TOTAL 1,271 |Mbtus $31,724 $459,049

Item Savings/ Year Discount Discounted
Cost Factor Savings/Cost
ANNUAL TOTAL $0 S0
ONE TIME TOTAL $0 S0
TOTAL $0 S0
4. First Year Dollar Savings $31,724
5. Simple Payback Period (Years) 4.44
6. Total Net Discounted Savings - $459,049
Savings to Investment Ratio 3.26
f < 1, Project does not qualify
~Adjusted Internal Rate of Return 10.44%
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ENERGY CONSERVATION OPPORTUNITY (ECO)

ECO NO: E

DATE: 5/6/96

ECO TITLE: Provide Energy Efficient Motors

INSTALLATION: HELSTF

LOCATION: White Sands Missile Range, New Mexico

A. Summary:
Electrical Energy Savings 357 MMBTU/yr
Diesel Energy Savings 0 MMBTU/yr
Total Energy Savings 357 MMBTU/yr
Total Cost Savings 8,911 $/yr
Total Investment 52,406 $
Simple Payback 5.88 yrs
SIR 2.46

B. ECO Description:

Replace approximately forty seven (47) motors serving pumps and fans in various areas of the
LSTC, TC-1 and TC-2 buildings. The motors shall be the energy efficient type as shown on the
proposed motor replacement list, pages B-93 to B-96. Motors serving equipment which is utilized
as a backup system should not be replaced, as operational hours are too low to generate substantial
savings. This ECO will require the removal of the existing motors and connection to the existing
wiring.

Discussion:

The existing fans and pumps in the LSTC, TC-1, and TC-2 buildings utilize standard efficiency
motors. The newer technology energy efficient motors produce an equivalent horsepower output
with a lower power input. A comparison of the new high efficiency motors available is shown on
page B-97. In all cases, the new motor type with the lowest KW was chosen to replace the existing
motor. Since this retrofit will reduce the building motor load, there will be a savings in HVAC
cooling energy, and a penalty in heating energy.

Savings Calculations:

The monthly peak demand and energy consumption of the existing motors were calculated using
the Trace 600 computer program.' LSTC, TC-1, and TC-2 motors were modeled by the computer
to provide a realistic energy usage profile. However, in order to account for previously derived
savings, the HVAC and lighting systems from all previous ECOs were used as initial conditions.
Field data obtained from the buildings was used to create these computer building models.*

The monthly peak demand and energy consumption of the proposed motor replacements were
calculated using the Trace 600 computer program. LSTC, TC-1, and TC-2 motor replacements
were modeled by the computer to provide a new energy usage profile. Equipment lists of the
motor replacements used to create these computer building models are shown on pages B-93 to B-
96.

Once the computer simulations were completed, the total annual demand costs and energy
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consumptions of the existing motors and proposed motor replacements were compared to determine
the annual savings from this ECO. These savings calculations are shown on pages B-98 to B-101.

Cost Estimate:

The total implementation costs for this ECO were estimated on pages B-102 to B-104.
Manufacturer’s data on the new high efficiency motors is included in Appendix E (Volume II, Tab
5). This data was used to help produce the cost estimate.

Life Cycle Cost Analysis.

A life cycle cost analysis was performed on this ECO using the program LCCID and data from the
above calculations. The summary sheet for the life cycle cost analysis is shown on page B-105.

The “Other” fuel type shown in Section # 2 is for diesel fuel consumption. The results of the
analysis are listed in the project summary on page B-91.

REFERENCES

See Appendix G (Volume II, Tab 7) for computer model input assumptions and data, and energy consumption output data.

See Appendix F (Volume II, Tab 6) for building field data and existing lighting system data.
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